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I. REAL PARTY IN INTEREST 

The real parties in interest for this appeal are Hoffman-LaRoche Inc. (the 
owner by virtue of an assignment from the inventors recorded at reel 5467, frame 0352) and 
Immunex Corporation (the licensee), a wholly owned subsidiary of Amgen Inc. 

II* RELATED APPEALS AND INTERFERENCES 

There are no other related appeals or interferences. 

III. STATUS OF CLAIMS 

1. Claims canceled: 1-61,63-101, 104, 108, 109, 112, 115-118, 122 and 138 

2. Claims withdrawn from consideration but not canceled: 139 

3. Claims pending: 62, 102, 103, 105-107, 110, 111, 113, 114, 119-121, 123-137 and 
140-144 

4. Claims allowed: none 

5. Claims rejected: 62, 102, 103, 105-107, 110, 111, 113, 114, 119-121, 123-137 and 
140-144 

6. Claims on appeal: 62, 102, 103, 105-107, 110, 111, 113, 114, 119-121, 123-137 and 
140-144 

IV. STATUS OF AMENDMENTS 

The last entered amendment to the claims was Appellants' amendment mailed 
October 3, 2006 (entered on November 14, 2006). The after-final Amendment filed on 
August 2, 2007 was not entered, as noted in the Advisory Action mailed October 9, 2007. 
There are no other outstanding amendments. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed invention relates to a fusion protein that combines fragments of 
two different proteins: (a) a TNF-binding soluble fragment of the human 75 kD tumor 
necrosis factor receptor (p75 TNFR) and (b) all of the domains of the constant region of a 
human immunoglobulin IgG heavy chain other than the first domain (CHI). 

Independent claim 62 recites a protein that specifically binds human TNF 
(page 5, lines 5-9) and that comprises: 
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(a) a TNF-binding soluble fragment of an insoluble human TNF receptor, 
wherein the receptor is characterized by (i) specifically binding human TNF (page 7, lines 
13-16), (ii) having a molecular weight of about 75 kD (page 7, lines 18-22), and (iii) 
comprising SEQ ID NO: 10 (page 8, lines 5-6), and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain (page 11, lines 3-10). 

Dependent claim 102, which depends from claim 62, recites that the soluble 
fragment comprises the peptides LCAP (SEQ ID NO: 12) (page 8, line 8) and VFCT (SEQ 
ID NO: 8) (page 7, line 34). 

Dependent claim 1 03, which depends from claim 102, recites that the soluble 
fragment further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10) (page 
8, lines 5-6). 

Dependent claim 105, which depends from 62, recites that the human 
immunoglobulin IgG is IgGi (page 11, lines 3-10). 

Dependent claim 114, which depends from claims 62, 107, 134 and 135, 
recites a pharmaceutical composition comprising the protein recited in claim 62, 107, 134 or 
135, and a pharmaceutically acceptable carrier material (page 12, lines 10-15). 

Dependent claim 119, which depends from claim 62, recites that the protein is 
purified (page 6, line 3-4). 

Dependent claim 120, which depends from claim 62, recites that the protein is 
produced by CHO cells (page 16, line 28). 

Dependent claim 121, which depends from claim 62, recites a protein that 
consists of portion (a) and portion (b) recited in claim 62 (page 5, lines 5-9, page 7, lines 13- 
16, page 7, lines 18-22, page 8, lines 5-6, page 11, lines 3-10). 

Dependent claim 123, which depends from claim 62, recites that the domains 

of the constant region of the human immunoglobulin heavy chain consist essentially of the 
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immunoglobulin amino acid sequence encoded by pCD4H7l vector (deposited at Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG 
under No. DSM 5314) or by pCD4-Hy3 vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 
5523) (page 17, lines 25-29). 

Dependent claim 124, which depends from claim 105 described above, recites 
that the domains of the constant region of the human immunoglobulin heavy chain consist 
essentially of the immunoglobulin amino acid sequence encoded by pCD4H7l vector 
(deposited at Deutschen Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in 
Braunschweig, FRG under No. DSM 5314) (page 17, lines 25-29). 

Dependent claim 137, which depends from claim 105 described above, recites 
a pharmaceutical composition comprising the protein recited in claim 105, and a 
pharmaceutical^ acceptable carrier material (page 12, lines 10-15). 

Independent claim 106 recites a protein that specifically binds human TNF 
(page 5, lines 5-9) and that comprises: 

(a) a TNF -binding soluble fragment of an insoluble human TNF receptor, 
wherein the receptor is characterized by (i) specifically binding human TNF (page 7, lines 
13-16), (ii) having a molecular weight of about 75 kD (page 7, lines 18-22); and (iii) 
comprising SEQ ID NO: 10 (page 8, lines 5-6), SEQ ID NO: 12 (page 8, line 8), SEQ ID NO: 
8 (page 7, line 34), SEQ ID NO: 9 (page 8, lines 1-2) and SEQ ID NO: .13 (page 8, line 9), 
and wherein the soluble fragment comprises SEQ ID NO: 12 and SEQ ID NO: 8 (page 7, line 
23 — page 8, line 13); and 

(b) all of the domains of the constant region of a human IgGi heavy chain 
other than the first domain of the constant region (page 11, lines 3-10). 

Dependent claim 125, which depends from claim 106, recites that the protein 
is purified (page 6, line 3-4). 
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Dependent claim 126, which depends from claim 106, recites that the protein 
is produced by CHO cells (page 16, line 28). 

Dependent claim 127, which depends from claim 106, recites a protein that 
consists of portion (a) and portion (b) recited in claim 106 (page 5, lines 5-9, page 1, lines 13- 
16, page 7, lines 18-22, page 8, lines 5-6, page 8, line 8, page 7, line 34, page 8, lines 1-2, 
page 8, line 9, page 7, line 23 -page 8, line 13, page 11, lines 3-10). 

Dependent claim 128, which depends from claim 106, recites that the soluble 
fragment further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10) (page 
8, lines 5-6). 

Independent claim 107 recites a recombinant protein that specifically binds 
human TNF (page 5, lines 5-9) and that is encoded by a polynucleotide which comprises two 
nucleic acid subsequences (page 1 1, lines 3-14): 

(a) one of said subsequences encoding a TNF-binding soluble fragment of an 
insoluble human TNF receptor, wherein the receptor is characterized by (i) specifically 
binding human TNF (page 7, lines 13-16), (ii) having a molecular weight of about 75 kD 
(page 7, lines 18-22), and (iii) comprising SEQ ID NO: 10 (page 8, lines 5-6); and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain (page 11, lines 3-10). 

Dependent claim 110, which depends from claim 107, recites that the soluble 
fragment comprises the peptides LCAP (SEQ ID NO: 12) (page 8, line 8) and VFCT (SEQ 
ID NO: 8) (page 1, line 34). 

Dependent claim 111, which depends from claim 110, recites that the soluble 
fragment further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10) (page 
8, lines 5-6). 

Dependent claim 113, which depends from claims 107, 1 10 or 1 1 1, recites that 
the human immunoglobulin heavy chain is IgGi (page 11, lines 3-10). 

7 



Dependent claim 1 29, which depends from claim 107, recites that the 
recombinant protein is purified (page 6, line 3-4). 

Dependent claim 130, which depends from claim 107, recites that the protein 
is produced by CHO cells (page 16, line 28). 

Dependent claim 131, which depends from claim 107, recites that the protein 
consists of (a) the soluble fragment of the receptor (page 7, lines 15-16) and (b) all of the 
domains of the constant region of the human IgGi heavy chain other than the first domain of 
the constant region, (page 11, lines 3-10). 

Dependent claim 132, which depends from claim 107, recites that the domains 
of the constant region of the human immunoglobulin heavy chain consist essentially of the 
immunoglobulin amino acid sequence encoded by pCD4Hyl vector (deposited at Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG 
under No. DSM 5314) or by pCD4-HY3 vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 
5523) (page 17, lines 25-29). 

Dependent claim 133, which depends from claim 113 described above, recites 
that the domains of the constant region of the human immunoglobulin heavy chain consist 
essentially of the immunoglobulin amino acid sequence encoded by the DNA insert of 
pCD4HYl vector (deposited at Deutschen Sammlung von Mikroorganismen und Zellkulturen 
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314) (page 17, lines 25-29). 

Independent claim 134 recites a protein that specifically binds human TNF 
(page 5, lines 5-9), is produced by CHO cells (page 16, line 28), and consists of: 

(a) a TNF-binding soluble fragment of an insoluble human TNF receptor 
(page 7, lines 15-16), wherein the receptor is characterized by (i) specifically binding human 
TNF (page 7, lines 13-16), (ii) having a molecular weight of about 75 kD (page 7, lines 18- 
22), and (iii) comprising SEQ ID NO: 10 (page 8, lines 5-6), wherein the soluble fragment 
comprises SEQ ID NO: 12 and SEQ ID NO: 8 (page 7, line 23 - page 8, line 13); and 
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(b) all of the domains of the constant region of a human immunoglobulin IgGi 
heavy chain other than the first domain (page 11, lines 3-10). 

Dependent claim 755, which depends from claim 134, recites that the soluble 
fragment comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10) (page 8, lines 
5-6). 

Dependent claim 136, which depends from claim 134, recites that the protein 
is purified (page 6, line 3-4). 

Independent claim 140 recites a protein that specifically binds human TNF 
(page 5, lines 5-9) and that comprises: 

(a) a TNF-binding soluble fragment of the amino acid sequence encoded by 
the cDNA insert of the plasmid deposited with the ATCC on October 17, 2006 under 
accession number PTA 7942 (page 10, line 33-36 as amended); and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain (page 11, lines 3-10). 

Dependent claim 141, which depends from claim 140, recites a protein 
consisting of the soluble fragment (page 7, lines 15-16) and all the domains of the constant 
region of the human immunoglobulin IgG heavy chain other than the first domain of said 
constant region (page 11, lines 3-10). 

Dependent claim 142, which depends from claim 140, recites that the protein 
is expressed by a mammalian host cell (page 16, line 28). 

Dependent claim 143, which depends from claim 142, recites that the 
mammalian host cell is a CHO cell (page 16, line 28). 

Dependent claim 144, which depends from claim 142, recites a protein 
consisting of the soluble fragment (page 7, lines 15-16) and all the domains of the constant 
region of the human immunoglobulin IgG heavy chain other than the first domain of said 
constant region (page 11, lines 3-10). 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. For the purpose of responding to the written description rejection 
of claims 62, 102, 103, 105-107, 110, 111, 113, 114, 119-121, and 123-137 under 35 U.S.C. 
§ 112, first paragraph, claims are grouped as follows: 

1. Claims 62, 102, 103, 105, 107, 110, 111, 113, 114, 119, 120, 123, 124, 129, 
130, 132, 133, and 137 

2. Claims 106, 125, 126, and 128 

3. Claims 121, 131, 134, and 136 

4. Claim 127 

5. Claim 135 

B. For the purpose of responding to the obviousness rejection of 
claims 62, 102, 103, 105-107, 110, 111, 113, 114, 119-121, 125-131 and 134-137 under 35 
U.S.C. § 103(a), over Dembic etaL, Cytokine 2:231-237, 1990 ("Dembic") in view of 
Capon, U.S. Patent No. 5,116,964 ("Capon")? claims are grouped as follows: 

1. Claims 62, 102, 103, 107, 110, 111, 119, 120, 129, and 130 

2. Claims 105 and 113 

3. Claims 106, 125, 126 and 128 

4. Claim 114 

5. Claim 121 

6. Claim 127 

7. Claims 131 and 134-136 

8. Claim 137 

C. For the purpose of responding to the rejections of claims 140-144 
under 35 U.S.C. § 112, first paragraph, claims are grouped as follows: 

1 . The new matter rejection of claims 140-144 

2. The enablement rejection of claims 140-144 
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VII. ARGUMENT 

Brief Description of Invention, Background and Specification 

The claimed invention relates to a fusion protein that combines fragments of 
two different proteins: (a) a TNF-binding soluble fragment of the human 75 kD tumor 
necrosis factor receptor (p75 TNFR) and (b) all of the domains of the constant region of a 
human immunoglobulin IgG heavy chain other than the first domain (CHI). As explained 
immediately below, TNF-binding soluble fragments of p75 TNFR include the extracellular 
domain and TNF-binding portions thereof. Appellants 5 invention is not the discovery of p75 
TNFR, but rather is the combination of a soluble fragment of p75 TNFR with an IgG heavy 
chain fragment. 



known in the prior art to mediate a wide range of immunological responses, inflammatory 
reactions, and anti-tumor effects. TNF had been reported in the art to be a trimer of three 
identical polypeptides. 1 Two TNF receptors, an approximately 55 kD receptor (p55 TNFR) 
and an approximately 75 kD/65 kD receptor (p75 TNFR), were known in the art, and the 
DNA and amino acid sequences for both receptors had been published before the August 3 1 , 
1990 priority date of the present application. It was not known at the time whether the 
TNFRs were monomers, dimers or trimers. Both TNFRs contain an extracellular domain that 
binds TNF, a transmembrane domain that is embedded in the cell membrane, and an 
intracellular domain. A protein comprising a TNFR extracellular domain or fragment 
thereof, without the transmembrane domain, is a soluble, TNF-binding fragment of TNFR. A 
schematic depiction of a monomelic TNFR is shown below. 



Tumor necrosis factor (TNF) is a pro-inflammatory cytokine which was 




1 Smith & Baglioni, J. Biol Chem., 262: 6951-6954 (1987) (Smith & Baglioni (1987)) [Appendix B-200]. 
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Complete amino acid sequences for human immunoglobulins, including IgG, 
were also known in the prior art. Immunoglobulins are naturally occurring antibodies 
composed of multiple amino acid chains. The IgG type of antibody contains two heavy 
chains and two light chains. Each IgG heavy chain comprises a variable region (VH) and a 
constant region composed of the following domains: CHI, hinge, CH2, and CH3 domains. 
Each light chain comprises a variable region (VL) and a constant region (CL). 2 Each light 
chain is linked to a heavy chain, and the two heavy chains are covalently linked to each other 
by disulfide bonds within the CHI domain and hinge. A schematic depiction of an IgG 
immunoglobulin is shown below. 



Heavy Chain | CH3 ll CH2 
Heavy Chain I CH3 II CH2 



ffflU Variable Region 
| | Constant Region 



In general, the variable region of an immunoglobulin is responsible for 
binding antigen, while the constant region is responsible for other functions of 
immunoglobulins, such as activating antibody-dependent cellular cytotoxicity (ADCC) or 
complement-dependent cytotoxicity (CDC). Such pro-inflammatory functions are referred to 
as "effector functions." ADCC includes the recruiting of white blood cells by antibodies 
bound to a surface antigen and the destruction of the cells or complexes displaying the 
antigen. 3 CDC is a complex, protein-mediated cascade of events culminating in cell lysis, 
which can be initiated by antibodies bound to a surface antigen, for example, one displayed 

2 This general nomenclature is widely used in the art. See, e.g., Capon, U.S. Patent No. 5,1 16,964 [Appendix B- 
26]. 

3 Fundamental Immunology, 2 nd Edition, Paul, ed., Raven Press, New York, 1989, at pp. 735-764 (Paul pp. 735- 
764) [Appendix B-241] 

12 




on a foreign cell or virus. In addition, the constant region of immunoglobulins is known to 
have a prolonged plasma half life. 5 

The claimed invention relates to a fusion protein comprising a soluble 
fragment of p75 TNFR (z.e., not membrane-bound) and all of the domains of the constant 
region of a human IgG heavy chain other than the CHI domain (retaining the hinge, CH2 and 
CH3 domains). Due to the natural cysteine disulfide bonding that occurs between heavy 
chains in the hinge region, the resulting fusion protein is homodimeric. The invention is 
depicted schematically below. 




The present application claims priority to foreign patent applications filed in 
the German language on September 12, 1989, 6 March 8, 1990, 7 April 20, 1990 8 and August 
31, 1990. 9 Examples 4-6 of the present application describe purification of the two known 
human TNF receptors, p55 TNFR and p75 TNFR. Example 7 of the present application 
describes the sequencing of the N-terminus of each purified receptor, as well as sequences of 
peptides obtained by fragmenting each receptor. Example 8 of the present application 
describes the cloning of cDNA for p55 TNFR and p75 TNFR, using probes based on the 
peptide sequences. Examples 9 and 10 of the present application describe recombinant 
expression of the extracellular domain of the p55 TNFR. Example 1 1 of the present 



4 Fundamental Immunology, 2 nd Edition, Paul, ed., Raven Press, New York, 1989, at pp. 679-701 (Paul pp. 679- 
701) [Appendix B -87] 

5 Capon (1989) [Appendix B-26] 

6 Swiss Patent Application No. 3319/89 filed September 12, 1989 [Appendix B-273] 

7 Swiss Patent Application No. 746/90 filed March 8, 1990 [Appendix B-298] 

8 Swiss Patent Application No. 1347/90 filed April 20, 1990 [Appendix B-344] 

9 European Patent Application No. 901 16707.2 [Appendix B-393], which issued as EP 0417563 (English 
translation is attached [Appendix B-420]) 
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application describes fusion of this extracellular domain of p55 TNFR to all the domains of 
the constant region of a human IgG heavy chain other than the CHI domain. 

Figure 1 of the present specification shows full length nucleotide and amino 
acid sequences of p55 TNFR (SEQ ID NOs: 1 and 2, respectively). Figure 4 of the present 
specification shows partial nucleotide and amino acid sequences of p75 TNFR (SEQ ID NOs: 

3 and 4, respectively) corresponding to amino acids 49-439 of the 439-amino acid mature 
receptor. The specification also discloses the N-terminal sequence of the first 18 amino 
acids of p75 TNFR, Leu-Pro- Ala-Gin- Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu-Pro-Gly-Ser- 
Thr-Cys (SEQ ID NO: 10). 10 

Figure 4 5 which is characterized several times in the specification as a partial 
sequence/ 1 first appeared in the April 20, 1990 priority application. 12 The full length human 
p75 TNFR nucleotide and amino acid sequences subsequently appeared in Smith et al. 
{Science 248: 1019-1023, 1990; hereinafter denoted as "Smith (1990)") [Appendix B-211], 
published in May of 1990. In Smith (1990), Figure 3 and its legend show the signal sequence 
and the extracellular, transmembrane and intracellular domains of p75 TNFR. Pages 1020-21 
of Smith (1990) describe an N-terminal regibn, amino acids 1-162 of the mature p75 TNFR, 
that contains the likely TNF-binding site. 13 Dembic et al {Cytokine 2(4), 321-7, 1990; 
hereinafter denoted as "Dembic" [Appendix B-80]), on which inventors are coauthors, was 
published in July 1990. 14 Figure 1 of Dembic displays the complete p75 TNFR amino acid 
sequence and identifies the 235-residue extracellular domain. 15 

In the next priority application filing in German on August 31, 1990, 16 Figure 

4 was not replaced with a full length sequence. Instead, a citation was added to Smith 



10 Page 8, lines 5-6 of the specification, and page 33, lines 9-19 of the specification in Example 7. 

11 See, e.g., page 10, lines 23-26 and page 35, lines 22-23 of the specification. 

12 Swiss Patent Application No. 1347/90 filed April 20, 1990 [Appendix B-344] 

13 The sentence spanning pages 1020-1021 [Appendix B-80] describes an N-terminal 162 amino acid cysteine- 
rich region, i.e., amino acids 1-162 of the mature protein. Page 1021, 3 rd col. states that "Presumably, it is this 
NH 2 -terminal [cysteine-rich] region that contains the TNF binding site." 

14 Five of the six named inventors on the present application are also co-authors of Dembic. [Appendix B-80] 

15 Figure 1 is at page 232 [Appendix B-80]. The extracellular domain is described at page.233, 1 st col. 

16 European Patent Application No. 901 16707.2 [Appendix B-393], which issued as EP 0417563 
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(1990). 17 The citation to Smith (1990) appears at page 10, lines 9-10 of the present 
specification. That portion, and adjacent portions of the application, are reproduced below: 

In addition thereto, the present invention is also concerned 
with DNA sequences coding for proteins and soluble or non- 
soluble fragments thereof which bind TNF. Thereunder there 
are to be understood, for example, DNA sequences coding for 
non-soluble proteins or soluble as well as non-soluble 
fragments thereof, which bind TNF, such DNA sequences 
being selected from the following: 

(a) DNA sequences as given Figure 1 or Figure 4 as well as 
their complementary strands, or those which include these 
sequences; 

(b) DNA sequences which hybridize with sequences defined 
under (a) or fragments thereof; 

(c) DNA sequences which, because of the degeneracy of the 
genetic code, do not hybridize with sequences as defined under 
(a) and (b), but which code for polypeptides having exactly the 
same amino acid sequence. 

That is to say, the present invention embraces not only allelic 
variants, but also those DNA sequences which result from 
deletions, substitutions and additions from one or more 
nucleotides of the sequences given in Figure 1 or Figure 4, 
whereby in the case of the proteins coded thereby there come 
into consideration, just as before, TNF-BP [TNF binding 
proteins]. One sequence which results from such a deletion is 
described, for example, in [Smith et al.,J Science 248, 1019- 
1023, (1990). 

There are preferred first of all those DNA sequences which 
code for such a protein having an apparent molecular weight of 
about 55 kD, whereby the sequence given in Figure 1 is 
especially preferred, and sequences which code for non-soluble 

as well as soluble fragments of such proteins There are 

also preferred DNA sequences which code for a protein of 
about 75/65 kD, whereby those which contain the partial 
cDNA sequences shown in Figure 4 are preferred. Especially 
preferred DNA sequences in this case are the sequences of the 
open reading frame of nucleotide 2 to 1,177. The peptides IIA, 
IIC, HE, IIF, IIG and IIH are coded by the partial cDNA 
sequence in Figure 4, whereby the insignificant deviations in 
the experimentally determined amino acid sequences are based 
on the cDNA-derived sequence with highest probability from 
the limited resolution of the gas phase sequencing. DNA 



17 Page 6, line 20 of priority application European Pat. Appl. No. 901 16707.2. 
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sequences which code for insoluble as well as soluble fractions 
of TNF-blndlng proteins having an apparent molecular 
weight of 65 kD/75 kD are also preferred. DNA sequences for 
such soluble fragments can be determined on the basis of the 
amino acid sequences derived from the nucleic acid sequences 
coding for such non-soluble TNF-BP [TNF binding proteins]. 

The invention is also concerned with DNA sequences which 
comprise a combination of two partial DNA sequences, with 
one of the partial sequences coding for those soluble fragments 
of non-soluble proteins which bind TNF (see above) and the 
other partial sequence coding for all domains other than the 
first domain of the constant region of the heavy chain of human 
immunoglobulins such as IgG .... The present invention is 
also concerned with the recombinant proteins coded by any of 
DNA sequences described above. [Emphasis added; page 9, 
line 19 to page 1 1, line 14] 



A. The written description rejection of claims 62, 102, 103, 105-107, 110, 111, 
113, 114, 119-121, and 123-137 under 35 U.S.C. § 112, first paragraph 

The Examiner's rejection of claims 62, 102, 103, 105-107, 110, 111, 113, 114, 
1 19-121, and 123-137 for assertedly lacking written description under 35 U.S.C. § 1 12, first 
paragraph, should be reversed because (1) Appellants actually possessed and adequately 
described TNF binding proteins comprising the full length extracellular domain of p75 
TNFR, (2) the Examiner's requirement that the specification reiterate sequences known in the 
prior art is contrary to controlling precedent in factually parallel cases, (3) the Examiner erred 
by substituting an unsupported personal interpretation of the specification for Appellants' 
factual declaration evidence regarding what the specification conveyed to the skilled artisan, 
and (4) the Examiner's overly broad and legally erroneous interpretation of the terms 
"soluble fragment" of "human" p75 TNFR led to an erroneous conclusion that Appellants 
lacked adequate written description to support the breadth of the claims. 

Brief Statement of Relevant Prosecution History 

The claims on appeal were rejected for assertedly lacking written description 
in the final office action mailed February 23, 2007 ("Final Action"). A major basis for the 
rejection was the fact that Figure 4 (SEQ ID NO: 4) was missing amino acids 1-48 of the 
mature human p75 TNFR. Despite acknowledging that Appellants disclosed the correct N- 
terminal sequence of the purified p75 TNFR, Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala- 
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Pro-Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: 10), the Examiner stated that "[t]ogether, SEQ 
ID NO: 4 and 10 consist of only a portion of the [p75] TNFR2R extracellular domain 
(residues 1-7, 9-18 and 49-235)." 18 Citing Chan et al, Science, 288: 2351-2354, 2000 
("Chan") [Appendix B-76] as teaching that amino acids 10-54 (the "PLAD domain") are 
required for TNF binding, the Examiner stated that the partial sequence of Figure 4 would not 
bind TNF because it was missing the PLAD domain. 19 Thus, the Examiner asserted that the 
specification did not describe TNF-binding soluble fragments of human p75 TNFR. 

The Examiner stated that "[w]hile the sequence of the entire extracellular 
domain of the 75 kD TNF receptor was publicly available in the references of Smith (1990) 
and Dembic (1990) at the time of filing of the instant application, there is no description in 
the instant specification of these specific full-length sequences, or any description that 
suggests using these full-length sequences in the claimed fusion proteins." 20 The Examiner's 
position was further clarified in the Advisory Action, which states that "the application only 
points to soluble fragments derived from the partial sequence of Figure 4." 21 

The Examiner interpreted the specification's statement that "[o]ne sequence 
which results from such a deletion is described, for example in [Smith (1990)]" as necessarily 
referring to "deletions made to the nucleotide sequence of Figure 1 or Figure 4." 22 The 
Examiner continued, "While Smith [1990] refers to the 'NH2 -terminal 162 amino acids 
(positions 39 to 200)' and teaches that '[presumably, it is this NH2-terminal region that 
contains the TNF binding site' this is a description of a domain found within a longer protein, 
not a description of deletion(s) made to a nucleotide sequence . . ," 23 

In response to Appellants' argument that the Court of Appeals for the Federal 
Circuit, e.g. in Falkner v. Inglis, 448 F.3d 1357, 1368, 79 U.S.P.Q.2d 1001, 1008 (Fed. Cir. 
2006), had held that the specification does not need to recite sequences that are known in the 



Page 6 of the Final Action. Because the eighth amino acid is an "X" (indicating an unknown or any amino 
acid), the Examiner stated that SEQ ID NO: 10 matched amino acids 1-7 and 9-18 of human p75 TNFR. 

19 See pages 6-7 of Final Action. 

20 Emphasis added; sentence bridging pages 8 and 9 of the Final Action. 

21 Page 4, 3 rd paragraph of the Advisory Action. 

22 Page 9 of the Final Action. 

23 Emphasis omitted; sentence bridging pages 9-10 of the Final Action. 
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art, the Examiner asserted that Falkner did not apply because its fact pattern was 
"significantly different" from the present case. 24 

The Examiner also asserted in the Final Action that the specification does not 
provide a representative number of species of the "vast genus" of proteins claimed, which 
could comprise "the entire extracellular domain or any fragment thereof as small as one 
amino acid that retains TNF-binding." 25 No evidence was cited to support the assertion that 
one amino acid would bind TNF. The Examiner further asserted that the term "human" p75 
TNFR includes "artificial receptors with one or more amino acid mutations to the sequence of 
the insoluble human TNF receptor," 26 despite acknowledging that the specification did not 
define "human" in this manner. 27 

In response to the Final Action, Appellants submitted a Declaration Under 37 
C.F.R. 1.132 of Stewart Lyman, Ph.D (the "Lyman Declaration") [Appendix B-143] to 
provide evidence regarding what the specification reasonably conveyed to the skilled artisan. 
The Examiner entered the declaration but did not consider it sufficient to overcome the 
rejection. Although the Lyman Declaration is discussed in detail in the advisory office action 
mailed October 9, 2007 ("Advisory Action"), the Examiner's repeated basis for rejecting the 
factual statements therein was his reliance on the absence of the full-length extracellular 
domain sequence from the specification. 28 

1. The written description rejection of claims 62, 102, 103, 105, 107, 110, 111, 113, 
114, 119, 120, 123, 124, 129, 130, 132, 133, and 137 

a. Appellants actually possessed and adequately described 
TNF binding proteins comprising the full length 
extracellular domain of p75 TNFR 

The claims are directed to a genus of TNF-binding soluble fragments of 
human p75 TNFR, fused to all of the domains of an IgG heavy chain constant region other 
than the CHI domain. Written description for the immunoglobulin portion of the fusion 



24 Page 1 1 of the Final Action 

25 Page 1 2 of the Final Action 

26 Page 13 of Final Action. 

27 Page 1 3 of Final Action. 

28 The Examiner used the same basis to deny entry of claims where the TNF binding soluble fragment is the 
extracellular region of the human TNFR. See Advisory Action 4 th paragraph. 
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protein does not appear to be disputed. The rejection was based on the Examiner's insistence 
that the application can only describe soluble fragments of the sequence of Figure 4, which is 
missing amino acids 1-48 of the mature p75 TNFR. 

The Examiner erred, however, by disregarding embodiments of the invention 
that Appellants actually possessed and exemplified, and by failing to consider what the 
specification reasonably conveys to the skilled artisan. It is well settled that the written 
description requirement does not require literal support, but merely that applicants reasonably 
convey to one of skill in the art that they were in possession of the invention at the time of 
filing. See, e.g., Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563, 19U.S.P.Q.2d 1111, 
1116. (Fed. Cir. 1991). 

The specification adequately describes to a skilled artisan TNF-binding 
soluble fragments of full length human p75 TNFR. This is true for a number of reasons, and 
is further supported by unrebutted declarant testimony: 

(a) Data in Examples 4-7 show that Appellants actually possessed a purified 
protein containing the full-length extracellular domain of p75 TNFR. Example 7 provides 
peptide sequences from the purified p75 TNFR that correspond to amino acids 1-18, 43-46, 
114-117, 278-284, 324-340 and 410-427 of p75 TNFR. 29 The Examiner admitted that, of 
these peptides, SEQ ID NO: 10 corresponds to amino acids 1-18 of the mature receptor. 30 
This is proof that Appellants' purified protein must have contained the full-length 
extracellular domain (amino acids 1-235). 

(b) The specification contemplates soluble and insoluble fragments of the full 
length purified p75 TNFR, which are explicitly stated to contain more than the partial cDNA 
sequence shown in Figure 4. Page 10, lines 23-26 describes "DNA sequences which code for 
a protein of about 75/65 kD, whereby those which contain the partial cDNA sequences shown 
in Figure 4 are preferred." Thus, it is wholly unreasonable for the Examiner to insist that the 



Peptides IIA, IIB, IIC, IID, ID 7 and IIG (see specification page 7, line 34 through page 8, line 9) collectively 
span amino acids 1-18, 43-46, 1 14-1 17, 278-284, 324-340 and 410-427 of the full length p75 TNFR sequence as 
shown in Figure 1 of Dembic [Appendix B-80]. 

30 Page 6 of Final Action. Because the eighth amino acid is an "X" (indicating an unknown or any amino acid), 
the Examiner stated that SEQ ID NO: 10 matched amino acids 1-7 and 9-18 of human p75 TNFR. 
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description of Appellants' invention must be limited to less than they actually possessed and 
exemplified. 

(c) The specification explicitly states at page 14, lines 32-36 that known 
sequences can be used as the basis for preparing soluble fragments of the TNFRs ("On the 
basis of the thus-determined sequences and of the already known sequences for certain 
receptors. . .") The specification provides a partial cDNA sequence of p75 TNFR (Figure 4). 
Appellants supplied evidence that "it would be clear one of skill in the art that the protein 
represented by the Figure 4 sequence was the same protein described in Smith." See the 
Declaration under 37 CFR §1.132 of Dr. Stewart Lyman, paragraph 16 [Appendix B-143]. 
Thus, information in the specification would have unambiguously led the skilled artisan to 
the complete published sequence of p75 TNFR. 

(d) Moreover, the specification specifically directs the reader to where such 
"already known sequences" can be found, by citing to the publication of the full-length 
sequence in Smith (1990) [Appendix B-21 1] in a manner that clearly conveys that the 
sequence of Smith (1990) was part of the invention. The Examiner admitted that Smith 
(1990) teaches the full-length extracellular sequence of p75 TNFR. 31 Smith (1990) also 
identifies a TNF-binding soluble fragment within the extracellular domain that contains the 
likely TNF binding site. 32 

(e) The specification describes soluble and insoluble fragments of TNFRs 
generally, and states that the p55 and p75 TNFRs purified in Examples 4-6 are preferred 
embodiments. The examples are stated at page 20, lines 27-30 to be illustrative, not limiting. 
A fusion protein containing the extracellular domain of the p55 TNFR, fused to all of the 
domains of an IgG heavy chain constant region other than CHI, is specifically exemplified in 
Example 11. This illustrative example using p55 TNFR applies equally to the other human 
TNF receptor, p75 TNFR, as taught by the specification. 

(f) The prior art cited by the Examiner to support the obviousness rejection, 
Dembic [Appendix B-80], shows that the inventors in fact possessed the full-length amino 

31 Paragraph bridging pages 8 and 9 of Final Action. 

32 The sentence spanning pages 1020-1021 describes an N-terminal 162 amino acid cysteine-rich region. Page 
1021, 3 rd col. states that this region contains the TNF binding site. Smith (1990) [Appendix B-21 1] 
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acid sequence of mature human p75 TNFR prior to the instant application's August 31, 1990 
priority date. Dembic was co-authored by inventors of the application and was published in 
July 1990. The Examiner admitted that Dembic teaches the full-length extracellular sequence 
of p75 TNFR. 33 

Thus, the specification adequately describes fusion proteins comprising a 
TNF-binding soluble fragment of full-length human p75 TNFR fused to all the domains of an 
IgG heavy chain constant region other than CHI, as claimed, and the rejection under 35 
U.S.C. § 1 12, first paragraph should be reversed. 

b. The Examiner erred in disregarding controlling case law in 
factually parallel cases 

The Examiner erred by disregarding controlling case law from the Court of 
Appeals for the Federal Circuit in factually parallel cases, which each held that the 
specification need not reproduce DNA sequences that were already known in the art to satisfy 
the written description requirement. The Examiner's repeated reliance on the absence of the 
full length p75 TNFR sequence from the specification as the basis for a written description 
rejection, despite admitting that the full length sequence and extracellular domain were 
known in the art, is thus legal error. See, e.g., Capon et al v. Eshhar et al, 418 F.3d 1349, 
1357, 76 U.S.P.Q.2d 1078, 1084 (Fed. Cir. 2005); Falkner v. Inglis, 448 F.3d 1357, 1368, 79 
U.S.P.Q.2d 1001, 1008 (Fed. Cir. 2006); and Monsanto v. Scruggs, 459 F.3d 1328, 1336, 79 
U.S.P.Q.2d 1813, 1818 (Fed. Cir. 2006) ("neither a specific DNA sequence nor a biological 
deposit is required to meet a written description requirement if the biological material is 
known and readily available to the public"). 

In Capon v. Eshhar, the claims at issue related to DNA that encodes chimeric 
proteins comprising the variable region of an antibody fused to the transmembrane and 
cytoplasmic portions of a receptor. The claims in Capon are highly analogous to the claims 
of the instant application, which also relate to chimeric proteins. In Capon, the Examiner and 
the Board rejected both parties' claims for lack of written description because no chimeric 
DNA sequence was recited in the respective specifications. On appeal, both parties argued 
that their invention was the novel combination of DNA segments known in the art, not the 



Paragraph bridging pages 8 and 9 of Final Action. 
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discovery of the DNA segments themselves, and that re-analysis of known sequences was not 
required. 

The Federal Circuit reversed the Board's decision, holding that the Board 
erred by requiring the specification to reiterate known prior art sequences: 

The Board's rule that the nucleotide sequences of the chimeric 
genes must be fully presented, although the nucleotide 
sequences of the component DNA are known, is an 
inappropriate generalization. When the prior art includes the 
nucleotide information, precedent does not set a per se rule that 
the information must be determined afresh. Id. at 1358. 
* * * 

The Board erred in holding that the specifications do not meet 
the written description requirement because they do not 
reiterate the structure or formula or chemical name for the 
nucleotide sequences of the claimed chimeric genes. Id. 

In Falkner, Inglis' claims at issue were directed to vaccines containing mutant 
poxvirus in which essential genes were inactivated, but the Inglis specification did not 
identify, or even incorporate by reference, poxvirus DNA sequence or essential regions 
thereof. The Board denied Falkner's motion that Inglis' claims lacked written description 
because the specification (1) did not identify any essential poxvirus genes, (2) did not have 
working examples of poxvirus, and (3) for the most part described herpesvirus, not poxvirus. 
There was undisputed testimony that the DNA sequence of the poxvirus genome and the 
locations of essential regions were known in the art. 

The Federal Circuit affirmed the Board's decision, citing its earlier decision in 
Capon. The Court held that "(1) examples are not necessary to support the adequacy of a 
written description; (2) the written description standard may be met (as it is here) even where 
actual reduction to practice of an invention is absent; and (3) there is no per se rule that an 
adequate written description of an invention that involves a biological macromolecule must 
contain a recitation of known structure." Falkner, 448 F.3d at 1366, 79 U.S.P.Q.2d at 1007. 
The Court further stated, "Indeed, the forced recitation of known sequences in patent 
disclosures would only add unnecessary bulk to the specification. Accordingly we hold that 
where, as in this case, accessible literature sources clearly provide, as of the relevant date, 
genes and their nucleotide sequence (here 'essential genes'), satisfaction of the written 
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description requirement does not require either the recitation or incorporation by reference of 
such genes and sequences." Falkner, 448 F.3d at 1368, 79 U.S.P.Q.2d at 1008. 

The present facts are directly parallel to both cases. In this case, as in Capon, 
the invention is the novel combination of known sequences. Thus, the Examiner erred, as the 
Board did in Capon, by requiring Appellants' specification to reproduce the full-length 
sequence of the p75 TNFR since the sequence was already known in the art. The error is 
particularly egregious because the specification specifically cited the publication of the full- 
length sequence in Smith (1990) and clearly conveyed that the sequence of Smith (1990) was 
part of Appellants' invention. 

In this case, as in Falkner, there is evidence, which the Examiner has not 
disputed, that the claimed sequences were known in the art. 34 Thus, as in Falkner, reiteration 
of known sequences through actual examples should not be required to satisfy the written 
description requirement. In the Final Action, the Examiner took the position that Falkner 
does not apply because its fact pattern was "significantly different." The Examiner 
distinguished Falkner from the present case by asserting that the disclosure in Falkner 
provided working examples of herpes virus that could be applied to the claimed poxvirus 
vaccine, while "there is nothing disclosed in the instant specification that is analogous to the 
herpes virus-based vaccine of Inglis, upon which the skilled artisan could rely as guidance to 
extend the teachings of the specification from a different receptor to the full-length TNF 
receptor." 35 

The Examiner erred in distinguishing these facts. In Falkner, Inglis' 
specification was directed generally to vaccine virus vectors and stated that poxvirus was a 
specific example, although the working examples focused on herpesvirus. Similarly, the 
present specification concerns TNF receptors generally and states that p75 TNFR is a specific 
example, although the working examples focused on p55 TNFR. In fact, the present case is 
even more compelling under the reasoning of Falkner since the instant specification (1) 
identifies the precise p75 TNFR by sequence in Figure 4 and by reference to the Smith (1990) 
reference containing the complete sequence, (2) had a working example of a p55 TNFR 



34 Sentence bridging pages 8 and 9 of Final Action. 
35 Page 1 1 of Final Action. 
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which was explicitly not limited to the p55 TNFR, and (3) described TNF receptors and their 
use in particular for the presently claimed invention. Thus, Falkner's fact pattern is 
analogous to the present case and the Board should hold here, as the Federal Circuit did in 
Falkner, that there is adequate written description of the p75 TNFR invention. 

Factual evidence in the Lyman Declaration, paragraph 17 [Appendix B-143], 
confirms that the skilled artisan would have understood at the time that "[ajlthough the 
working examples exemplify a fusion protein comprising the entire extracellular region of the 
55 kd TNFR, it is readily apparent that the application's description applies equally to the 75 
kd TNFR." Factual evidence in the Lyman Declaration, paragraph 16 [Appendix B-143], 
also confirms that the partial DNA sequence of p75 TNFR in Figure 4 would have been 
sufficient for a skilled artisan to determine that the protein represented by the Figure 4 
sequence was the same as that disclosed in Smith (1990) [Appendix B-21 1]. 

For these reasons, the Examiner erred in disregarding the Federal Circuit's 
decisions in Capon and Falkner, and the rejection under 35 U.S. C. §112, first paragraph 
should be reversed. 

c. The Examiner erred by substituting an unsupported 

personal interpretation of the specification for the factual 
evidence in the Lyman Declaration regarding what the 
specification conveyed to the skilled artisan 

Appellants submitted the Lyman Declaration [Appendix B-143] in response to 
the Examiner's unsupported factual assertion in the Final Action that the reference to Smith 
(1990) [Appendix B-21 1] at page 10 of the specification "refers solely to nucleotide 
sequences with deletions of one or more nucleotides to the sequences given in Figure 1 or 
Figure 4. . .," 36 i.e., sequences that are fragments of amino acids 49-439 of p75 TNFR. This 
passage from the specification (starting at page 10, lines 9-10) is quoted in its entirety in 
Section VII above. 

The Examiner erred by substituting an unsupported personal interpretation of 
the specification for the factual evidence in the Lyman Declaration regarding what the 
specification conveyed to the skilled artisan. Written description is a question of fact, judged 



Page 9 of the Final Action. 
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from the perspective of one of skill in the art as of the filing date, and expert factual evidence 
regarding the question of written description must be considered. In re Alton, 76 F.3d 1 168, 
1174, 37 U.S.P.Q.2d 1578, 1582 (Fed. Cir. 1996). The Examiner's failure to provide 
evidence to support a factual assertion in the face of a challenge constitutes clear and 
reversible error. See Ex parte Natale, 11 U.S.P.Q.2d 1222, 1226-27 (Bd. Pat. App. & Interf. 
1989); In re Spormann, 363 F.2d 444, 447, 150 U.S.P.Q. 449, 452 (C.C.P.A. 1966). 

The Lyman Declaration provided a number of reasons why the skilled artisan 
would have understood from the specification that Appellants contemplated use of the full- 
length sequence of p75 TNFR known in the art. These reasons included an explanation of 
why the skilled artisan would have looked to publicly available sequences to complete a 
partial DNA sequence, and why it was illogical to interpret the reference to the full-length 
sequence of Smith (1990) as referring solely to fragments of the partial sequence of Figure 4. 
While the Advisory Action did discuss the Lyman Declaration, the Examiner repeatedly 
dismissed Dr. Lyman's statements by relying on the absence of the full length p75 TNFR 
extracellular sequence from the specification. 

Paragraphs 6-7 of the Lyman Declaration were not disputed. 37 Paragraph 6 
states that the application is concerned with two TNF receptors, termed "TNF binding 
proteins," of about 55 kD and 75 kD, and that the existence of these two receptors was known 
in the art. Paragraph 7 states that the sequence of p55 TNFR is shown in Figure 1, and the 
partial sequence of p75 TNFR is shown in Figure 4. The Examiner did not dispute the 
statements in paragraph 8 and 9 that "soluble fragments" can refer either to the extracellular 
domain of a TNF receptor or to fragments of this domain, consistent with how the term was 
used in the art. 38 

Paragraph 1 1 of the Lyman Declaration, which was not disputed, 39 states that 
the description of immunoglobulin fusion proteins at page 3, lines 35 to page 4, lines 3 of the 
specification applies to soluble fragments of either p55 or p75 TNFR. Paragraphs 10-12 and 
1 7 further explain that the full-length extracellular domain of either TNFR, as exemplified for 
p55 TNFR in the working examples, is one example of a soluble fragment. Paragraph 17 

37 Page 3, 1 st paragraph of the Advisory Action. 

38 Page 3, 3 rd paragraph of the Advisory Action. 

39 Page 3, 6 th paragraph of the Advisory Action. 
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cites the statement at page 20, lines 27-30 of the specification that the examples "illustrate 
details of the invention" and states that "it would be unreasonable to conclude that this 
description of soluble fragments of TNF binding proteins applied only to the 55 kd TNFR 
and not the 75 kd TNFR." Thus, the specification describes using the entire extracellular 
region of the p75 TNFR, not just the partial extracellular region described in Figure 4. 
Despite this evidence, the Examiner continued to assert that "[njowhere does the 
specification provide the full-length extracellular sequence of the 75 kD protein, or indicate 
that this sequence is part of the invention." 40 

The Lyman Declaration provided factual evidence in paragraphs 1 8-22 
showing why the Examiner's interpretation of the reference to Smith (1990) in the 
specification at page 10 was "illogical." The first and last sentences of the paragraph in 
question are reproduced below: 

In addition thereto, the present invention is also concerned 
with DNA sequences coding for proteins and soluble or non- 
soluble fragments thereof which bind TNF. 
* * * 

One sequence which results from such a deletion is described, 
for example, in [Smith et al 9 ] Science 248, 1019-1023, 
(1990). 41 

Figure 4 displays sequence corresponding to amino acids 49-439 of the 439- 
amino acid mature human p75 TNFR, and is thus missing the N-terminal 48 amino acids of 
the receptor sequence. Smith (1990) discloses the entirety of the p75 TNFR sequence, i.e. 
amino acids 1-439 and signal sequence. 42 Smith also discloses two soluble fragments: the 
extracellular domain of the receptor (amino acids 1-235) and an N-terminal region (amino 
acids 1-162) that contains the likely TNF binding site. 43 

Dr. Lyman notes that the specification states at page 10, lines 23-26 that the 
Figure 4 sequence is a partial DNA sequence. Dr. Lyman states in paragraph 19 that there is 
no soluble fragment sequence disclosed in Smith (1990) which would be a fragment of Figure 

40 Page 3, 5 th paragraph of the Advisory Action. 

41 Emphasis added; page 9, line 19 through page 10, line 10 of the specification 

42 Figure 3 of Smith (1990). [Appendix B-21 1] 

43 The sentence spanning pages 1020-1021 describes an N-terminal 162 amino acid cysteine-rich region. Page 
1021, 3 rd col. states that this region contains the TNF binding site. Smith (1990). [Appendix B-21 1] 
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4. In other words, the Smith soluble fragment consisting of amino acids 1-235 cannot be a 
fragment of a sequence corresponding to amino acids 49-439. Likewise, the Smith soluble 
fragment consisting of amino acids 1-162 cannot be a fragment of a sequence corresponding 
to amino acids 49-439. Consequently, Dr. Lyman concludes in paragraph 19 that the 
reference to Smith (1990) cannot refer solely to a sequence that is a deletion of Figure 4. 

Dr. Lyman further states that the reference to Smith (1990) must be read in the 
context of the entire paragraph, as well as the context of the entire application. This 
paragraph at page 10 of the specification commences with a statement that it is describing 
soluble and non-soluble fragments of TNF binding proteins that bind TNF. Thus, he explains 
in paragraph 20 that the citation to Smith (1990) was a "reference to whatever soluble or non- 
soluble fragments of TNF binding proteins were described in the article."** 

After considering this evidence, the Examiner merely repeated his position 
that "the reference to Smith only suggests using deletions of the sequence found in Figure 4" 
and "the specification only contemplates fragments that are deletions of the sequence of 
Figure 4." 45 The Examiner's statements in the Advisory Action wholly failed to address Dr. 
Lyman's testimony and reasoning. 

The Lyman Declaration provides further factual evidence in paragraphs 13-16 
and 23 that the skilled artisan would look to the already-known sequences of Smith (1990) 
and Dembic [Appendix B-80] to find the complete p75 TNFR sequence. Paragraph 13 
quotes the statement at page 14, lines 32-36 of the specification that soluble fragments of the 
complete sequence can be prepared "[o]n the basis of the thus-determined sequences and of 
the already known sequences for certain receptors. . . yAe Dr. Lyman interpreted the 
reference to using "known sequences" as using those sequences taught in Smith (1990) and 
Dembic to determine the full length sequence of p75 TNFR, which was standard practice in 
the art at the time of filing. 47 Paragraph 16 states that it would be clear to the skilled artisan 
that the Smith (1990) sequence is the same p75 TNFR referenced in the present specification 



44 Emphasis added. 

45 Page 4, 1 st paragraph of the Advisory Action. 

46 Emphasis added. 

47 See paragraphs 13-14 and 23. See also paragraph 21, which states that at the filing date it was "common 
practice to use what is published to aid in assembling a full length sequence." [Appendix B-143] 
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and in Figure 4. This statement is supported by evidence showing an alignment of the Smith 
(1990) sequence with the Figure 4 sequence. 48 After considering this evidence, the Examiner 
simply repeated that "Figure 4 describes only a partial sequence of the 75 kD receptor" and 
"the specification does not describe the sequence of the full-length extracellular domain." 49 

In the Advisory Action, the Examiner mis-quoted page 14, lines 32-36 of the 
specification and consequently misinterpreted the reference to "known sequences" to be a 
reference to Figures 1 and 4. 50 The properly quoted sentence, in the paragraph immediately 
above, refers to "already known sequences" as an additional source of sequence information 
beyond the sequences "thus-determined" in the specification. The Examiner also failed to 
provide objective evidence, in the form of scientific publications in the art, to contradict Dr. 
Lyman's factual statement, as a skilled artisan at the time, that it was "common practice" in 
1990 to use published sequence to assemble a full length sequence. More than personal 
opinion should have been provided to support the Examiner's contrary position. See In re 
Spormann, 363 F.2d 444, 447, 150 U.S.P.Q. 449, 452 (C.C.P.A. 1966) ("if the Patent Office 
wishes to rely on [specific knowledge in the prior art], it must produce some reference 
showing what such knowledge consists of); In re Ahlert, 424 F.2d 1088, 1091, 165 U.S.P.Q. 
418, 420-21 (CCPA 1970). 

The Examiner's repeated reliance on the absence of the full-length sequence to 
support his position is legal error under the Federal Circuit's holdings in Capon and Falkner 
for reasons discussed above in section VILA. 1 .b. Moreover, the Examiner erred by 
disregarding Appellants' declaratory evidence in favor of his unsupported personal 
interpretation of the specification. Any statements by the Examiner in rebuttal to the factual 
statements set forth in the Lyman Declaration should have been supported by objective 
evidence, not simply the Examiner's own opinions. See In re Spormann, supra; In re Ahlert, 
supra. See also Ex parte Natale, 1 1 U.S.P.Q.2d 1222, 1226-27 (Bd. Pat. App. & Interf. 
1989). 



Exhibit D of the Lyman Declaration [Appendix B-143]. 

49 Page 3, 8 th paragraph of the Advisory Action. 

50 On page 3, 8 th paragraph of the Advisory Action, the examiner provides the following inaccurate quotation, 
which omits the word "and": "On the basis of the thus-determined sequences of the already known 
sequences..." 
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Appellants' declaration evidence must be given consideration and due weight. 
For example, in Scripps Research Institute v. Genentech Inc. 11 U.S.P.Q. 2d 1809 (Bd. Pat. 
App. & Interf. 2005), the appellants presented an expert declaration in response to a written 
description rejection to provide evidence that one of skill in the art would have understood 
that the description of a deleted transmembrane domain of a tissue factor would include tissue 
factor proteins from which the entire C-terminal region had been deleted. In this exemplary 
fact scenario, the Board determined that the expert's reasoning of what one of skill in the art 
would have understood regarding the transmembrane domain deleted proteins to be credible. 
Id. at 1815. The Board should find the Lyman Declaration in this case to be similarly 
credible. 

The Lyman Declaration provides evidence that one of skill in the art, upon 
reading the specification in view of the knowledge in the art at the time of filing, would 
believe that the Appellants were in possession of the claimed invention at the time of filing. 
The Examiner erred by relying on his unsupported personal interpretation of the 
specification's disclosure and the absence of already-known sequence from the specification 
to refute the Lyman Declaration, contrary to controlling precedent. For these reasons, the 
Board should reverse the rejection under 35 U.S.C. § 1 12, first paragraph. 

d. The Examiner's overly broad and legally erroneous 

interpretation of claim terms led to an erroneous conclusion 
that Appellants lacked adequate written description to 
support the breadth of the claims 

The written description requirement for a claimed genus may be satisfied 
through sufficient description of a representative number of species, Regents of University of 
California v. Eli Lilly & Co, 119 F.3d 1559, 1568, 43 U.S.P.Q.2d 1398, 1406 (Fed. Cir. 
1997), or by disclosure of relevant, identifying characteristics, i.e., structure or other physical 
and/or chemical properties, by functional characteristics coupled with a known or disclosed 
correlation between function and structure, or by a combination of such identifying 
characteristics, Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 956, 965, 63 U.S.P.Q. 1609, 
1613 (Fed. Cir. 2002). 

The claims are directed to a genus of TNF-binding soluble fragments of 
human p75 TNFR, fused to all of the domains of an IgG heavy chain constant region other 
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than CHI . Written description for the immunoglobulin portion of the fusion protein does not 
appear to be disputed. The sole focus of the rejection was the Examiner's position that 
Appellants do not provide a representative number of species to describe the "vast genus" of 
claimed TNF-binding fragments of p75 TNFR, based on an overly broad and legally 
erroneous interpretation of the claims, and that Appellants do not provide structural or 
functional features of the genus. 

i. The erroneous claim interpretation 

The Examiner erroneously characterized the claims as being directed to a 
"vast genus" of "soluble fragments" ranging from the entire extracellular domain to a 
fragment as small as one amino acid that binds TNF. 51 The Examiner also characterized the 
claims as encompassing any number of additions, deletions or substitutions, because the 
Examiner interpreted "human" TNFR as including "artificial receptors" containing one or 
more mutations. 52 

The interpretation of TNF-binding "soluble fragments" as including only "one 
amino acid" is unreasonable and constitutes a completely unsupportable factual assertion. 
Smith (1990) [Appendix B-211] states that the TNF-binding site is presumably contained 
within amino acids 1-162 of the mature p75 TNFR. Data in later-published U.S. Patent No. 
5,395,760 [Appendix B-219] confirm that this statement in Smith (1990) is correct, and also 
show that further truncations (e.g., to 1-142) destroy TNF binding activity. This later- 
published patent is properly cited for the purpose of showing a fact such as a characteristic of 
a prior art product. In re Langer, 503 F.2d 1380, 1391, 183 USPQ 288, 297 (C.C.P.A. 1974); 
In re Wilson, 311 F.2d 266, 268-269, 135 USPQ 442, 444 (C.C.P.A. 1962). 

The data in U.S. Patent No. 5,395,760 show that fragments consisting of 
amino acids 1-235, 1-184, and 1-163 bound TNF, while a shorter fragment consisting of 
amino acids 1-142 did not. 53 Therefore, one would conclude that fragments shorter than 1- 

51 Page 12 of Final Action 

52 Page 13 of Final Action. 

53 U.S. Patent No. 5,395,760 [Appendix B-219] shows data that: 

huTNFRA235, consisting of amino acids 1-235 of human p75 TNFR, bound TNF (col. 20, lines 38-68. 
hu TNFRA185, consisting of amino acids 1-185 of human p75 TNFR, bound TNF (col. 21, lines 5-40). 
huTNFRA163, consisting of amino acids 1-163 of human p75 TNFR, bound TNF (col. 21, lines 45-68). 
huTNFRA142, consisting of amino acids 1-142 of human p75 TNFR, did not bind TNF (col. 22-, lines 5-49). 

30 



142, for example, 5-142 or 10-142, will not bind TNF. Further, the Examiner previously 
stated that amino acids 10-54 (the "PLAD domain") are required for TNF binding and that 
soluble fragments missing this sequence will not bind to TNF. 54 The Examiner's statement 
thus suggests that some portion of the PLAD domain, amino acids 10-54, is required for TNF 
binding. Consequently, the Examiner's interpretation of TNF-binding soluble fragments of 
p75 TNFR as including only a single amino acid of TNFR is unreasonable. 

The Examiner's interpretation of "human" TNFR has no basis in the 
specification or the art, and is not supported by any evidence. The Examiner merely provides 
an unsupported personal interpretation of the term "human." The Examiner admits that there 
is no definition of "human" in the specification, 55 yet concludes that the term must include 
artificial receptors with one or more mutations. While claims during examination are given 
their broadest reasonable interpretation consistent with the specification, this interpretation 
must be reasonable and must be consistent with the specification. See In re Buszard, 504 
F.3d 1364, 1366, 84 U.S.P.Q.2d 1749, 1751 (Fed. Cir. 2007) (reversal of Board decision in 
which claims were interpreted unreasonably broadly for purposes of examination); Merck v. 
Teva, 347 F.3d 1367, 1371, 68 U.S.P.Q.2d 1857, 1860 (Fed. Cir. 2003) ("claims must be 
construed so as to be consistent with the specification"). 

Appellants have stated on the record that the term "human" refers to naturally 
occurring human p75 TNFR, consistent with the use of this term in the art. For example, 
Smith (1990) refers in Figure 3 to the sequence of the "human TNF receptor cDNA clone" 
and notes that it was obtained from a "human" cDNA library. 56 Similarly, the title of Dembic 
refers to "Two Human TNF Receptors," and states that the p75 TNFR clone was obtained 
from "human" genomic DNA, 57 similar to the statement in Example 8 of the specification 
that the p75 TNFR clone was obtained from a "human" library. Therefore, the Examiner's 
characterization of "human" as including artificial receptors with one or more mutations is 
not consistent with the use of these terms in the specification or in the art. 



54 See pages 6-7 of Final Action. 

55 Page 13 of Final Action. 

56 See, e.g., p. 1019, 3 rd col. Smith (1990). [Appendix B-21 1] 

57 Dembic, page 232, 2 nd col. [Appendix B-80] 
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Appellants submitted further factual evidence that human p75 TNFR is 
uniquely identifiable by its physical characteristics, i.e. binding TNF, having a molecular 
weight of about 75 kd, and comprising the N-terminal peptide sequence set forth in SEQ ID 
NO: 10. This evidence, provided to the Examiner during prosecution and reproduced here in 
Appendix B-195, shows that using SEQ ID NO: 10 to search for matching sequences in a 
comprehensive national database of all publicly available "human" amino acid sequences 
only identified the human p75 TNFR sequence or naturally occurring allelic variants 
thereof. 58 If SEQ ID NO: 10 matched only human p75 TNFR sequence as of June 14, 2006, 
then certainly SEQ ID NO: 10 would have matched only human p75 TNFR sequence as of 
Appellants' effective filing date, at a time when fewer human sequences were known. 

Thus, Appellants' interpretation of the claims, unlike the Examiner's, is 
supported by objective evidence of what the skilled artisan would reasonably conclude from 
the disclosure. 

ii. Appellants provided a representative number of 
species 

The specification contemplates a variety of soluble fragments of TNFR that 
are capable of binding TNF, including those with amino acid deletions relative to the natural 
sequence. 59 Soluble fragments include the extracellular domain, as exemplified for p55 
TNFR. 60 The reader is instructed to test fragments using methods such as the TNF-binding 
assay of Example 1 . 61 

The specification also cites Smith (1990) at page 10, lines 9-10 not only for 
the full-length p75 TNFR sequence that it discloses, but also for any TNF-binding "deletion" 
or fragment that it discloses. Smith (1990) [Appendix B-21 1] discloses a TNF-binding 
fragment of p75 TNFR consisting of amino acids 1-235, Le., the extracellular domain. The 



58 Appendix B-195 shows the results of a June 14, 2006 search of a Genbank database that includes all publicly 
available, non-redundant, human Genbank CDS translations (coding amino acid sequence). Over 3.5 million 
sequences were queried with SEQ ID NO: 10 using the BLASTP search function, and all of the sequences that 
contained an exact match to SEQ ID NO: 10 are noted to be human p75 TNFR sequence or naturally occurring 
allelic variants thereof. 

59 See, e.g., page 6, line 30 to page 7, line 6; page 1, lines 13-22; page 10, lines 1-8; and page 14, lines 32-36 of 
the specification. 

60 Examples 9-1 1 (pages 36-43) of the specification. 

61 Page 7, lines 1-6 of the specification. 
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Examiner does not dispute the factual statement of Dr. Lyman that the skilled artisan would 
have expected the full-length extracellular region of TNFR to bind to TNF. 62 Smith (1990) 
also discloses a TNF-binding fragment consisting of amino acids 1-162, i.e. the N-terminal 

63 

cysteine-rich region that contains the likely TNF-binding site. 

In addition, Dembic [Appendix B-80] identifies a TNF binding fragment of 
p75 TNFR consisting of amino acids 1-235, z.e., the extracellular domain. 64 Dembic further 
identifies a naturally occurring, soluble fragment of p75 TNFR in human urine that begins at 
its N-terminus with amino acid 5 of the extracellular domain, i.e., is missing amino acids 1- 
4. 65 This fragment in human urine was isolated by its ability to bind TNF and, thus, is a 
TNF-binding soluble fragment. 

When the claims are interpreted properly, it is clear that the specification and 
the knowledge in the art at the time of filing provided a representative number of species with 
respect to soluble TNF-binding fragments. For the reasons discussed immediately above in 
section VII.A.l.d.i, a proper interpretation of the genus of TNF-binding "soluble fragments" 
of "human" p75 TNFR is that the genus would include the entire extracellular domain (amino 
acids 1-235), and the TNF-binding domain (amino acids 1-162) disclosed in Smith (1990). 
As noted above in section VII.A.l.d.i, further truncation at the C-terminus to amino acids 1- 
142 destroys TNF-binding activity. At the N-terminus, the Examiner's citation to the Chan 
article [Appendix B-76] suggests that some portion of the PLAD domain, amino acids 10-54, 
is required for TNF binding. 66 TNF-binding soluble fragments of p75 TNFR and the 
knowledge in the art of TNF-binding species are diagrammatically represented below: 



62 Page 3, 3 rd paragraph of Advisory Action and paragraph 8, page 4 of the Lyman Declaration {Appendix B- 
143]. 

63 Smith (1990), Figure 3 at p. 1021, as well as the text at pp. 1020-1021. 1021, 3 rd col. states that the N- 
terminal cysteine-rich region contains the TNF binding site. [Appendix B-21 1] 

64 Dembic at page 233, 1 st col. [Appendix B-80] 

65 Dembic at page 235, 1 st col. Dembic states that "We now find that the short NH 2 - terminal sequence of the 
second [TNF] inhibitor matches the V 5 -P 9 peptide sequence of the 75-kDa TNF receptor (Fig. 1)." Dembic 
concludes that "these TNF inhibitory peptides therefore are NH 2 -terminally truncated, soluble fragments, 
presumably of the extracellular regions of the two TNF receptors. [Appendix B-80] 

66 See Chan pg. 235 1, right column 
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235 

|235 Smith (1990) + Dembic 
Smith (1990) 
I?? Dembic 

MA portion of this area required for binding 
□ Not required for bincfing 

Therefore, a representative number of TNF-binding soluble fragment species 
over the scope of the claimed genus were known as of the filing date. 

in. Appellants provided functional and structural 

characteristics and a known correlation between 
function and structure 

Alternatively, a genus may be adequately described by functional 
characteristics coupled with a known or disclosed correlation between function and structure, 
or by a combination of such identifying characteristics. Enzo, 323 F.3d at 965, 63 
U.S.P.Q.2d at 1613. In this case, there is adequate written description because the claims 
recite the function of TNF binding as well as physical identifying characteristics of human 
p75 TNFR, and there is a known correlation between structure and function. An assay for 
TNF binding is provided in Example 1, and use of this assay to test fragments is explicitly 
described at page 7, lines 1-6 of the specification. 

Smith (1990) [Appendix B-21 1] identifies the extracellular domain of p75 
TNFR as amino acids 1-235 of the mature protein. The Examiner does not dispute that the 
skilled artisan would have expected the full-length extracellular region of TNFR to bind to 
TNF. 67 Smith (1990) also identifies the likely TNF binding site as being within amino acids 
1-162. Thus, the common structural features of the claimed genus were known in the art at 
the time of filing, as was the correlation between structure and function. Such a known 
correlation satisfies the written description requirement. See Amgen Inc. v. Hoechst Marion 

67 Page 3, 3 rd paragraph of the Advisory Action. 
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Roussel, Inc., 314 F.3d 1313, 1332, 65 U.S.P.Q.2d 1385, 1398 (Fed. Cir. 2003) (the written 
description requirement may be satisfied "if in the knowledge of the art the disclosed function 
is sufficiently correlated to a particular, known structure"). 

The claims also recite that the insoluble TNFR is human, has a molecular 
weight of about 75 kD, and comprises the peptide of SEQ ID NO: 10. These physical and 
structural characteristics, i.e., size and sequence, provide adequate structural definition for the 
claimed TNF-binding soluble fragment. As discussed above in section VII.A.l.d.i, 
Appellants provided factual evidence in Appendix B-195 showing that SEQ LD NO: 10 is 
sufficient to uniquely identify human p75 TNFR. The Examiner's failure to comment on this 
evidence in the Final Action was legal error, as the examiner is required to determine 
patentability based on the totality of the record, which includes all arguments and evidence. 
In re Alton, 76 F.3d 1168, 1176, 37 U.S.P.Q.2d 1578, 1584 (Fed. Cir. 1996). 

For all of these reasons, the claim limitations provide the necessary structural 
and functional definition to provide an adequate written description of the claimed genus, and 
Appellants have provided a representative number of species that are encompassed by the 
claimed genus. Therefore, the claimed genus is adequately described and the rejection under 
35 U.S.C. § 1 12, first paragraph should be reversed. 

2. The written description rejection of claims 106, 125, 126, and 128 

Claims 106, 125, 126 and 128 recite additional peptide sequences within the 
human p75 TNFR sequence, namely SEQ ID NOS: 8, 9, 12, and 13. While SEQ ID NO: 10 
alone for reasons discussed in section VII.A.l .d. would have been sufficient to uniquely 
identify human p75 TNFR sequence, certainly all of these recited peptide sequences must 
collectively uniquely identify the human p75 TNFR sequence. 

For the reasons discussed in detail above in section VII.A.l, the written 
description rejection should also be reversed because (1) Appellants actually possessed and 
adequately described TNF binding proteins comprising the full length extracellular domain of 
p75 TNFR, (2) the Examiner's requirement that the specification reiterate sequences known 
in the prior art is contrary to controlling precedent in factually parallel cases, (3) the 
Examiner erred by substituting an unsupported personal interpretation of the specification for 
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Appellants' factual declaration evidence regarding what the specification conveyed to the 
skilled artisan, and (4) the Examiner's overly broad and legally erroneous interpretation of 
the terms "soluble fragment" of "human" p75 TNFR led to an erroneous conclusion that 
Appellants lacked adequate written description to support the breadth of the claims. 

3. The written description rejection of claims 121, 131, 134 and 136 

The scope of claims 121, 131, 134, and 136 differ from that of claim 62 
inasmuch as these claims recite "consists of (claims 121 and 131) or "consisting of (claim 
134). The patentability considerations with respect to these claims are different and must be 
evaluated separately because these claims are narrower than claim 62. The reduced breadth 
of the claims further weakens the Examiner's assertion of undue breadth because the genus 
encompassed by the claim language is correspondingly reduced. 

Moreover, the fusion protein of claims 121, 131, 134 and 136 are specifically 
illustrated by the working example of a fusion protein consisting of a soluble fragment of 
TNFR fused to a fragment of a human IgG heavy chain constant region lacking the CHI 
domain. 68 While this fusion protein was exemplified with respect to p55 TNFR, the 
disclosure applies equally to the p75 TNFR for the reasons discussed above in section 
VII.A.l.d, in the Lyman Declaration and the Federal Circuit's Falkner case. 

For the reasons discussed in detail above in section VII.A.l, the written 
description rejection should also be reversed because (1) Appellants actually possessed and 
adequately described TNF binding proteins comprising the full length extracellular domain of 
p75 TNFR, (2) the Examiner's requirement that the specification reiterate sequences known 
in the prior art is contrary to controlling precedent in factually parallel cases, (3) the 
Examiner erred by substituting an unsupported personal interpretation of the specification for 
Appellants' factual declaration evidence regarding what the specification conveyed to the 
skilled artisan, and (4) the Examiner's overly broad and legally erroneous interpretation of 
the terms "soluble fragment" of "human" p75 TNFR led to an erroneous conclusion that 
Appellants lacked adequate written description to support the breadth of the claims. 



Example 11, pages 42-43 of the specification. 
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4. The written description rejection of claim 127 

Because claim 127 depends from and incorporates the limitations of claim 
106, claim 127 recites additional peptide sequences characterizing the p75 TNFR. However, 
the scope of claim 127, which recites the language "consists of," differs from the scope of 
claim 106. The patentability considerations with respect to claim 127 are thus different and 
must be evaluated separately because this claim is narrower than claim 106. The reduced 
breadth of the claim further weakens the Examiner's assertion of undue breadth because the 
genus encompassed by the claim language is correspondingly reduced. 

Moreover, the fusion protein of claim 127 is specifically illustrated by the 
working example of a fusion protein consisting of a soluble fragment of TNFR fused to a 
fragment of a human IgG heavy chain constant region lacking the CHI domain. 69 While this 
fusion protein was exemplified with respect to p55 TNFR, the disclosure applies equally to 
the p75 TNFR for the reasons discussed above in section VILA.l.d, in the Lyman Declaration 
and the Federal Circuit's Falkner case. 

Claim 127, like claim 106, also recites additional peptide sequences that are 
found in the insoluble human p75 TNFR sequence. While SEQ ID NO: 10 alone for reasons 
discussed in section VIII. A.2.d. would have been sufficient to uniquely identify human p75 
TNFR sequence, certainly all of these recited peptide sequences must collectively uniquely 
identify the human p75 TNF receptor sequence. 

For the reasons discussed in detail above in section VILA.l, the written 
description rejection should also be reversed because (1) Appellants actually possessed and 
adequately described TNF binding proteins comprising the full length extracellular domain of 
p75 TNFR, (2) the Examiner's requirement that the specification reiterate sequences known 
in the prior art is contrary to controlling precedent in factually parallel cases, (3) the 
Examiner erred by substituting an unsupported personal interpretation of the specification for 
Appellants' factual declaration evidence regarding what the specification conveyed to the 
skilled artisan, and (4) the Examiner's overly broad and legally erroneous interpretation of 



Example 11, pages 42-43 of the specification. 
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the terms "soluble fragment" of "human" p75 TNFR led to an erroneous conclusion that 
Appellants lacked adequate written description to support the breadth of the claims. 

5. The written description rejection of claim 135 

Claim 135 recites the language "consisting of and also recites additional 
peptide sequences for the TNF-binding soluble fragment of p75 TNFR, namely SEQ ID NO: 
10 (the N-terminal 18 amino acids), SEQ ID NO: 8 and SEQ ID NO: 12. Thus, the 
patentability considerations with respect to claim 135 differ as well and must be evaluated 
separately. 

Claim 135 is narrower in scope than a claim reciting "comprising." The 
reduced breadth of claim 135 further weakens the Examiner's assertion of undue breadth 
because the genus encompassed by the claim language is correspondingly reduced. 

The fusion protein of claim 135 is specifically illustrated by the working 
example of a fusion protein consisting of a soluble fragment of TNFR fused to a fragment of 
a human IgG heavy chain constant region lacking the CHI domain. 70 While this fusion 
protein was exemplified with respect to p55 TNFR, the disclosure applies equally to the p75 
TNFR for the reasons discussed above in section VII.A.l.d in the Lyman Declaration and the 
Federal Circuit's Falkner case. 

In addition, claim 135 recites additional peptide sequences that are found in 
the insoluble human p75 TNFR sequence. While SEQ ID NO: 10 alone for reasons discussed 
in section VII.A.l.d. would have been sufficient to uniquely identify human p75 TNFR 
sequence, certainly all of these recited peptide sequences must collectively uniquely identify 
the human p75 TNF receptor sequence. 

For the reasons discussed in detail above in section VII.A.l, the written 
description rejection should also be reversed because (1) Appellants actually possessed and 
adequately described TNF binding proteins comprising the full length extracellular domain of 
p75 TNFR, (2) the Examiner's requirement that the specification reiterate sequences known 
in the prior art is contrary to controlling precedent in factually parallel cases, (3) the 



Example 11, pages 42-43 of the specification. 
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Examiner erred by substituting an unsupported personal interpretation of the specification for 
Appellants' factual declaration evidence regarding what the specification conveyed to the 
skilled artisan, and (4) the Examiner's overly broad and legally erroneous interpretation of 
the terms "soluble fragment" of "human" p75 TNFR led to an erroneous conclusion that 
Appellants lacked adequate written description to support the breadth of the claims. 

B. The obviousness rejection of claims 62, 102, 103, 105-107, 110, 111, 113, 
114, 119-121, 125-131 and 134-137 under 35 U.S.C. § 103 over Dembic et 
al, Cytokine 2: 231-237, 1990 in view of Capon (US Patent No. 5,116,964) 

The Examiner's rejection of claims 62, 102, 103, 105-107, 110, 111, 113, 114, 
119-121, 125-131 and 134-137 as assertedly obvious over Dembic and Capon should be 
reversed because the Examiner has failed to establish a case of obviousness for a number of 
reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) the 
Examiner failed to articulate a rationale motivating the selection of the claimed homodimeric 
fusion protein, in particular, from among the many types of fusion proteins disclosed in 
Capon, and (3) the Examiner's assertion of a reasonable expectation of success was based on 
an uncorroborated factual assumption. 

Moreover, the rejection should be reversed because the Examiner's refusal to 
evaluate Appellants' overwhelming evidence of unexpected results is contrary to controlling 
case law, and Appellants' evidence of unexpected results rebuts any possible case of 
obviousness. 

Brief Statement of Relevant Prosecution History 

The rejection of the claims on appeal as assertedly obvious over Dembic 
[Appendix B-80] and Capon [Appendix B-26] was maintained in the Final Action. The 
Examiner cited Dembic, the publication co-authored by inventors of the present application, 
for its disclosure of the full-length amino acid sequence and extracellular domain of the p75 
TNFR that forms a TNF-binding soluble fragment. The Examiner acknowledged that 
Dembic does not teach a fusion of the extracellular domain of the 75 kD TNF receptor with 
any portion of an immunoglobulin heavy chain constant region. 71 The Examiner cited a 
secondary reference, Capon [Appendix B-26], as teaching a fusion of a truncated receptor 



71 Page 14 of Final Action. 
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(not TNFR) to a region of human IgGi just upstream of the hinge domain, such that the 
chimeras contain the hinge, CH2 and CH3 domains of the constant region. 72 

Capon teaches a vast array of possible hybrid immunoglobulin fusion proteins, 
including monomeric and homo- or hetero-multimeric forms, among which Capon 
specifically mentions monomeric, dimeric, trimeric, and tetrameric forms that include various 
portions of the constant region, such as the entire constant region, hinge-CH2-CH3, or CH2- 
CH3. 73 Capon states that an object of the invention is to provide hybrid immunoglobulin 
fusion proteins that exhibit increased half-life upon in vivo administration. 74 Capon states 
that a further object of the invention is to combine the characteristics of a receptor with 
immunoglobulin effector functions, 75 which include complement dependent cytotoxicity 
(CDC) and antibody-dependent cellular cytotoxicity (ADCC). Capon does not disclose any 
TNFR as a candidate for fusion with an immunoglobulin fragment. 

Appellants have argued that Capon teaches away from fusing an anti- 
inflammatory agent, such as soluble fragments of p75 TNFR, to the pro-inflammatory 
constant region of an immunoglobulin heavy chain. The Examiner did not dispute that 
soluble TNF-binding fragments of p75 TNFR are anti-inflammatory and that the constant 
region of an immunoglobulin heavy chain is pro-inflammatory. Instead, the Examiner stated 
that the fusion protein was motivated for purposes of affinity purifying TNF, and that, 
because affinity purification was an in vitro use, in vivo anti-inflammatory activity was not 
relevant. 76 The Examiner further asserted that Capon teaches production of such hybrid 
immunoglobulins in CHO cells, purification of the resulting fusion protein, and sterile 
isotonic formulations containing such fusion proteins that would be encompassed by claims 
to "pharmaceutical compositions." 77 The Examiner did not explain why affinity purification 
compositions, which are not intended for administration to humans, would require sterile 
isotonic formulations. 



72 Paragraph bridging pages 14-15 of Final Action. 

73 Capon at col. 10, lines 28-30 and col. 13, lines 21-22 and 54. [Appendix B-26] 

74 Capon at col. 1, lines 8-11, col. 4, lines 38-42, and col. 5, lines 13-20. [Appendix B-26] 

75 Capon at col. 4, lines 43-47. See also Capon at col. 15, lines 7-8 (C-terminal Fc portion of an antibody 
contains the effector functions of IgGi). [Appendix B-26] 

76 Page 1 5 of Final Action. 

77 Page 1 5 of Final Action. 
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Appellants had submitted a Declaration Under 37 C.F.R. 1.132 of Dr. Werner 
Lesslauer ("Lesslauer Declaration A") [Appendix B-129] to rebut the Examiner's assertion 
that there was a "reasonable expectation that a dimeric form of the receptor could be used to 
successfully bind the [TNF] ligand." 78 TNF-binding activity would be expected to be 
relevant to either in vitro or in vivo uses. The Examiner discussed the declaration in the Final 
Action but maintained his position regarding expectation of success. 

Appellants had also submitted evidence demonstrating that the claimed fusion 
proteins exhibited unexpected results in a number of different categories relevant to in vitro 
and/or in vivo uses of the proteins: (1) the absence or marked reduction in pro-inflammatory 
effector function of the fusion protein, where the art would have predicted retention of 
immunoglobulin effector function; (2) lack of ability to form aggregated complexes with 
TNF; (3) a dramatic 1000-fold increase in TNF neutralization potency, and (4) unexpectedly 
improved TNF-binding properties, including improved binding affinity and improved kinetic 
stability. 

In the Final Action, the Examiner asserted that the evidence of unexpected 
results was unpersuasive. 79 The Examiner's stated reason for considering the evidence 
unpersuasive was that it was generated using a fusion protein comprising the full-length 
extracellular domain of the human p75 TNFR, an embodiment which he believed was not 
described by the specification. 80 

1. The obviousness rejection of claims 62, 102, 103, 107, 110, 111, 119, 120, 129, and 
130 

a. The cited art teaches away from combining Capon with 
Dembic 

The primary focus of Capon [ Appendix B-26] is providing biologically active 
molecules for in vivo administration. As noted immediately above in the Brief Statement of 
Relevant Prosecution History, Capon states that an object of the invention is to provide 
hybrid receptor/immunoglobulin fusion proteins that exhibit increased half-life upon in vivo 



Page 17 of the Final Action. 

79 Page 18 of the Final Action. 

80 Page 18 of the Final Action. 
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administration, 81 and that retain immunoglobulin effector functions, 82 such as complement 
dependent cytotoxicity (CDC) and antibody-dependent cellular cytotoxicity (ADCC). 

The proposed benefit of soluble forms of TNFR was for administration 
clinically to inhibit TNF, a known pro-inflammatory cytokine. See, e.g., Smith (1990) 
[Appendix B-21 1] . Thus, the disclosure in Capon that the hybrid immunoglobulin fusion 
proteins were expected to retain the pro-inflammatory effector functions of antibodies teaches 
away from combining Capon with Dembic. One of ordinary skill in the art would have been 
discouraged from fusing an anti-inflammatory agent, such as soluble fragments of p75 
TNFR, to the pro-inflammatory constant region of an immunoglobulin heavy chain. f! [W]hen 
the prior art teaches away from combining certain known elements, discovery of a successful 
means of combining them is more likely to be nonobvious." KSR Int'l Co. v. Teleflex Inc., 

550 U.S. , 127 S. Ct. 1727, 1740, 82 U.S.P.Q.2d 1385, 1395 (2007) , citing United States 

v. Adams, 383 U.S. 39, 51-52, 86 S. Ct. 708, 714-715 (1966). As noted below in section 
VII.B.l.e.i, Appellants' evidence shows that these anti- and pro-inflammatory elements were 
successfully combined, and exhibited unexpectedly reduced pro-inflammatory effector 
functions. 

The Examiner did not dispute either of these facts, i.e., that soluble fragments 
of TNFR would be an anti-inflammatory agent, and that the heavy chain constant region is 
pro-inflammatory. The Examiner instead asserted that a TNFR-immunoglobulin fusion 
protein was motivated for purposes of affinity purifying TNF. However, the Examiner's 
proffered articulation of a motivation to combine Dembic and Capon is not rational because 
affinity purification of TNF was already easily carried out with anti-TNF antibody. See, e.g., 
Bringman, Hybridoma, 6(5):489-507 (1987) (hereinafter "Bringmam") [Appendix B-3], 
which describes production and use of anti-TNF monoclonal antibodies to purify 
recombinant TNF-alpha and TNF-beta from bacterial cell lysates. "[Rejections on 
obviousness grounds cannot be sustained by mere conclusory statements; instead, there must 
be some articulated reasoning with some rational underpinning to support the legal 
conclusion of obviousness." KSR Int'l. Co. v. Teleflex, Inc., 550 U.S. , 127 S. Ct. 1727, 

81 Capon at col. 1, lines 8-1 1, col. 4, lines 38-42, and col. 5, lines 13-20. [Appendix B-26] 

82 Capon at col. 4, lines 43-47. See also Capon at col. 15, lines 7-8 (C-terminal Fc portion of an antibody 
contains the effector functions of IgGl). [Appendix B-26] 

83 Smith (1990) at page 1019 and 1022, bottom middle column. [Appendix B-21 1] 
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1741, 82 U.S.P.Q.2d 1385, 1396 (2007) (quoting/^ re Kahn, 441 F. 3d 977, 988, 78 
U.S.P.Q.2d 1329, 1336 (Fed. Cir. 2006)); see also Pfizer v. Apotex, 480 F.3d 1348, 82 
U.S.P.Q.2d 1321 (Fed. Cir. 2007). 



Thus, a proper case of obviousness has not been articulated by the Examiner 
because the cited art taught away from combining the anti-inflammatory soluble TNFR with 
pro-inflammatory immunoglobulin constant region elements. Appellants' discovery of a 
combination in which the activity of TNFR is enhanced and the pro-inflammatory properties 
of an immunoglobulin constant region are minimized is therefore nonobvious. 84 

b. There was no motivation to select the claimed fusion 
proteins which are homodimeric 

The Examiner failed to articulate a rationale motivating the selection of the 
claimed fusion proteins, which are homodimeric, from among the many types of fusion 

Of 

proteins disclosed in Capon. The selection of a species from a large genus disclosed in a 
prior art reference is nonobvious. See In re Baird, 16 F.3d 380, 382-83, 29 U.S.P.Q.2d 1550, 
1552 (Fed. Cir. 1994). As noted above in Section VII.B (Brief Statement of Relevant 
Prosecution History), Capon discloses fusion of receptor fragments to immunoglobulin 
fragments of varying lengths and with varying conformations, including monomelic, 
homodimeric, heterodimeric, trimeric, tetrameric, homomultimeric and heteromultimeric 
forms. 86 Columns 12-14 of Capon display over one hundred different species [Appendix B- 
26]. 

The Examiner's stated motivation for fusing TNFR soluble fragments to 
immunoglobulin fragments, i.e. for the purposes of affinity purifying TNF, does not explain 
why one of ordinary skill would have selected the claimed homodimeric fusion proteins for 
this purpose. For affinity purification, one of ordinary skill in the art might have disfavored a 
dimeric form of the fusion protein, because it may have had a spatial geometry that precluded 
binding to the trimeric TNF ligand, 87 for the reasons discussed below in section VII.B. l.e.iv. 



See section VII.B. I.e. below. 

See the homodimer schematic at page 13 herein. 

Capon at col. 10, lines 28-30 and col. 13, lines 21-22 and 54. [Appendix B-26] 

Declaration Under 37 C.F.R. 1.132 of Dr. Werner Lesslauer ("Lesslauer Declaration A") [Appendix B-129]. 
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One would have expected a monomelic form lacking disulfide bonding, such as a TNFR- 
CH 2 CH 3 fusion, to bind TNF with greater certainty of success. 

Moreover, the Examiner has not articulated a rationale for selecting the 
claimed fusion proteins from among the many possible types of homodimeric fusion proteins. 
Example 5 of Capon describes an immunoglobulin fusion protein in which a portion of the 
hinge region, as well as the CHI domain, is deleted. 88 Capon also cites as a preferred 
embodiment a fusion protein comprising the "entire heavy chain constant region," including 
CHI. In contrast, the claimed constructs contain all of the domains of the constant region 
of an IgG heavy chain other than CHI . 

Thus, a proper case of obviousness has not been articulated because a single 
species of the many forms of fusion proteins described in Capon is the subject of Appellants' 
claims, and no rationale for selecting this particular species has been advanced by the 
Examiner. Moreover, a protein within the scope of the claims exhibits numerous unexpected 
results relative to monomelic forms of soluble TNFR. Therefore, the claimed invention 
represents anonobvious selection of species. 

c. The assertion of reasonable expectation of success was 
based on an uncorroborated factual assumption 

The Examiner asserted a reasonable expectation of success that the claimed 
dimeric fusion proteins would bind trimeric TNF, based on an uncorroborated factual 
assumption. This lack of a factual basis to support a finding of reasonable expectation of 
success, in the face of Appellants' factual evidence to the contrary, requires reversal of the 
obviousness rejection. 

Appellants had submitted a Declaration Under 37 C.F.R. 1.132 of Dr. Werner 
Lesslauer ("Lesslauer Declaration A") [Appendix B-129]. The Lesslauer Declaration A 
describes that there was uncertainty that the spatial configuration of the dimeric TNFR fusion 
protein would allow it to bind a trimeric TNF ligand. The steric distances between the two 
TNF-binding sites in the dimer and the degree of flexibility required to accommodate the 
TNF trimer were unknown. Moreover, there was uncertainty that the TNFR portion of the 

88 Capon at col. 44, lines 63-66. [Appendix B-26] 

89 Capon at col. 15, lines 9-11 [Appendix B-26] 
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fusion protein would retain the three-dimensional structure of its TNF-binding site when 
fused to a relatively large immunoglobulin heavy chain fragment, especially after 
recombinant production in a host cell. In particular, Lesslauer Declaration A states that "the 
spatial geometry of the receptor binding site was unknown. Thus, it could have been 
possible that the fusion with IgG fragments created a spatial structure that would have 
contained TNF receptor sequences but which, due to its spatial structure, was completely 
unable to bind TNFcl [Emphasis added.]" 

To rebut the factual statements in Lesslauer Declaration A, the Examiner cited 
to Smith & Baglioni (7. Biol. Chem. 264:14646-14652, 1989 ("Smith & Baglioni (1989)" 
[Appendix B-204]) as purported evidence that the TNF trimer was known at the time of filing 
to bind two receptor molecules. As explained immediately below, this factual assumption is 
not stated in the cited reference, and, moreover, it is not relevant to the claimed soluble 
TNFR fusion proteins because all of the data in Smith & Baglioni (1989) is derived from full 
length TNFRs expressed on a cell surface. From this unsupported assumption, the Examiner 
improperly inferred a reasonable expectation of success that the claimed dimeric TNFR 
fusion proteins would bind the trimeric TNF ligand. 

Smith & Baglioni (1989) suggest that "TNF receptors on the cell surface 
consist of high M r [relative molecular mass] complexes containing at least two subunits." 90 
The data from the reported cross-linking and affinity labeling studies show that TNF binding 
proteins isolated from solubilized cell membranes form high molecular weight multimeric 
complexes. The data in Smith & Baglioni (1989) cannot confirm whether the complexes 
contained a 60 Kd TNF binding protein or a 70 Kd TNF binding protein or both, 91 nor can 
the data confirm whether the TNFR components within the high molecular weight complexes 
are dimers of a single subunit or whether these complexes contain additional unidentified 
proteins. 92 Hence, no fair reading of Smith & Baglioni (1989) would lead one to conclude 
that the reference proves that "the TNF ligand trimer was known to bind to two TNF 
receptors." Even a decade later, there was still uncertainty regarding the nature of the TNFR 
complex. For example, Chan [Appendix B-76] reports that "[c]ross-linking the endogenous 



90 Smith & Baglioni (1989) at page 14650. 2 nd column [Appendix B-204] 

91 Smith & Baglioni (1989) at page 14651 2 nd column [Appendix B-204] 

92 Smith & Baglioni (1989) at page 14649, 1 st column. [Appendix B-204] 
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p60 and p80 receptors suggests that trimers are a favored conformation.' Therefore, the 
evidence cited by the Examiner does not support his factual assertion that TNF trimers were 
known to bind two TNF receptors. 

Even if it were supported by the cited reference, the examiner's factual 
assertion, i.e., that trimeric TNF ligand was known to bind to two TNFR molecules, is not 
sufficient to support an expectation of success. First, the Examiner does not assert, and Smith 
& Baglioni (1989) do not show, that any of the TNFR molecules involved in the detected 
complexes contain any of the sequences recited in the pending claims. Moreover, no 
evidence was provided that soluble p75 TNFR fused to all of the domains of an IgG heavy 
chain constant region other than CHI would be expected to have its TNF-binding portions 
arranged in a tertiary structure similar to a complex of membrane-bound TNF receptors, 
which were the only TNF receptors examined in the Smith & Baglioni (1989). The Examiner 
acknowledged that the structure of the binding site on the TNF receptor was unknown, 94 a 
fact which supports Appellants' declaratory evidence of uncertainty regarding the success in 
binding. 

Since the evidence cited by the Examiner does not support the alleged 
reasonable expectation of success, it was erroneous for the Examiner to dismiss the 
declaratory evidence of Dr. Lesslauer as unpersuasive. "Assertions of technical facts in areas 
of esoteric technology must always be supported by citation to some reference work 
recognized in the pertinent art." In re Alhert 424 F.2d 1088, 1091, 165 U.S.P.Q. 418, 420-21 
(CCPA 1970), In re Spormann, 363 F.2d 444, 448, 150 U.S.P.Q. 449, 452 (C.C.P.A.1966). 
The lack of a factual basis to support a finding of a reasonable expectation of success requires 
that the obviousness rejection be reversed. See, e.g., Pfizer v. Apotex, 480 F.3d 1348, 1361, 
82 U.S.P.Q.2d 1321, 1330 (Fed. Cir. 2007) ("[sjubsumed within the Graham factors is a 
subsidiary requirement articulated by this court that ... a skilled artisan would have been 
motivated to combine the teachings of the prior art references to achieve the claimed 
invention, and that the skilled artisan would have had a reasonable expectation of success in 
doing so"). 



94 



Chan at page 2352, col. 3; emphasis added. [Appendix B-76] 
Page 1 7 of Final Action. 
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d. The Examiner legally erred in refusing to evaluate the 
evidence of unexpected results 

Rebuttal evidence with respect to obviousness may include evidence of 
"secondary considerations" and evidence of unexpected results. Graham v. John Deere Co., 
383 U.S. 1 ? 17, 148 U.S.P.Q. 459, 467 (1966). Appellants' evidence of unexpected results 
was generated with fusion proteins that comprised the full length extracellular domain of p75 
TNFR, embodiments which the Examiner admitted were encompassed by the language of the 
claims. 95 Nevertheless, the Examiner alleged that Appellants' evidence was insufficient to 
overcome the obviousness rejection because he believed that fusion proteins comprising the 
full length extracellular domain were not described by the specification. The Examiner 
provided no other comments on the merits of the evidence or any indication that he evaluated 
the evidence at all. The Examiner's position, thus, appears to be based on the novel legal 
theory that evidence of unexpected results need not be considered if the Patent Office has 
taken the position that the relevant claim limitation lacks written description. This was legal 
error. 

The Examiner's refusal to consider Appellants' evidence contravenes 
controlling precedent from the Federal Circuit which holds that the Patent Office cannot 
disregard evidence presented in rebuttal to an obviousness rejection. All evidence of 
nonobviousness must be considered when assessing patentability. See In re Soni, 54 F.3d 
746, 750, 34 U.S.P.Q.2d 1684, 1687 (Fed. Circ. 1995); In Re Sullivan, 498 F.3d 1345, 1352, 
84 U.S.P.Q.2d 1034, 1039 (Fed. Circ 2007). In Sullivan, the Board affirmed an obviousness 
rejection of claims directed to an antibody fragment composition without considering three 
expert declarations concerning unexpected results. The Board refused to consider the 
evidence on the ground that it was only relevant to the intended use of the claimed 
composition. The Federal Circuit held that the Board erred by failing to consider the 
declarations in a meaningful way. In the instant case, as in Sullivan, the Examiner erred by 
failing to consider Appellants' evidence of unexpected results. 

Thus, it was legal error for the Examiner to refuse to provide meaningful 
consideration of Appellants' evidence. Appellants respectfully request that the Board 
consider the evidence provided and reverse the obviousness rejection. 

95 Page 10 of Final Action. 
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e. Unexpected results 

Unexpectedly superior properties, unexpectedly different properties, and the 
absence of expected properties are all relevant factors that can rebut an obviousness rejection. 
Where the prior art would have predicted the presence of an activity, the absence or 
significant reduction of that activity is a novel and unexpected property proving 
nonobviousness. See Ex parte Mead Johnson & Co., 227 U.S.P.Q. 78, 79 (Bd. Pat. App. & 
Inter. 1985) (absence of a property which a claimed invention would have been expected to 
possess based on the teachings of the prior art is also evidence of unobviousness). 

Similarly, where the prior art would have predicted no improvement in an 
activity, an improvement in activity constitutes a novel and unexpected property. In re 
Corkilh 711 F.2d 1496, 1499, 226 U.S.P.Q. 1005, 1008 (Fed. Cir. 1985); In re Chupp, 816 
F.2d 643, 646, 2 U.S.P.Q.2d 1437, 1439 (Fed. Cir. 1987). In some cases, an improvement in 
activity may be so marked that it may be classified as a different property entirely. See In re 
Waymouth, 499 F.2d 1273, 1276, 182 U.S.P.Q. 290, 293 (CCPA 1974) (marked improvement 
may be "classified as a difference in kind [of property], rather than one of degree" ). 

Appellants provided overwhelming evidence of unexpected results in a 
number of different categories, none of which was considered by the Examiner. Appellants' 
evidence demonstrated that the claimed TNFR-fusion proteins exhibit: (1) an absence or 
marked reduction in pro-inflammatory effector function, where the art would have predicted 
retention of immunoglobulin effector function; (2) a lack of ability to form aggregated 
complexes with TNF; (3) a dramatic 1000-fold increase in TNF neutralization potency; and 
(4) an increased binding affinity and kinetic stability for TNF, where the prior art predicted 
no change in affinity or kinetic stability. 

These unexpected results with respect to TNF binding, TNF neutralization 
activity, and lack of pro-inflammatory effector function are relevant to in vitro and/or in vivo 
uses of the claimed compositions. Even if the unexpected results are only relevant to an 
intended use, they must be considered. In re Sullivan, supra (Board's refusal to consider 
evidence relevant to intended use was error). When considered and given due weight, 
Appellants' evidence rebuts any possible case of obviousness and requires reversal of the 
rejection under 35 U.S.C. §103. 
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i. Unexpectedly absent or drastically reduced pro- 
inflammatory effector functions 

Antibodies are involved in a number of processes that can neutralize foreign, 
possibly disease-causing, matter. One of the ways in which antibodies neutralize foreign 
matter, for example, viruses or bacteria, is by recruiting white blood cells to destroy the 
antibody-coated target cells, a process called antibody-dependent cellular cytotoxicity 
(ADCC). 96 ADCC is initiated by binding of the constant region of antibodies to FcyR 
receptors. 97 Another way in which antibodies mediate destruction of, for example, viruses or 
bacteria is via a complex, protein-mediated process referred to as complement dependent 
cytotoxicity (CDC). CDC is initiated by binding of the multimeric complement protein Clq 
to the constant regions of antibodies. 98 ADCC and CDC are referred to generally as "effector 
functions" of antibodies. 99 

Appellants presented evidence generated using a fusion protein within the 
scope of the claims. Kohno et aL, Presentation 1495, poster 271 presented at American 
College of Rheumatology Annual Meeting, November 13-17, 2005, San Diego, CA 
(hereafter "Kohno (2005)") [Appendix B-l 18]; Khare et aL, Poster 715 presented at the 
Annual Meeting of the Society for Investigative Dermatology (SID), May 3 -5, 2006, 
Philadelphia, PA (hereafter "Khare (2006)") [Appendix B-l 15]; Barone et aL, Arthritis 
Rheum,, v42(9) supplement, September 1999 (S90) ("Barone") [Appendix B-l]. The fusion 
protein, designated etanercept, consisted of the extracellular domain of p75 TNFR fused to all 
of the domains of an IgGl heavy chain constant region other than CHI . Etanercept 
unexpectedly exhibited drastically reduced, if not completely eliminated, effector function as 
compared to an anti-TNF antibody. Etanercept bound only weakly to FcyR or Clq, proteins 
that mediate the initiation of ADCC and CDC, respectively. Kohno (2005) [Appendix fi- 
ll 8]. 100 Etanercept also exhibited little or no detectable ADCC, and very markedly reduced 



96 See page 747 of Paul pp. 735-764 [Appendix B-241] 

97 See page 738 of Paul pp. 735-764) [Appendix B-241] 

98 See pp. 681-682 of Paul pp. 679-701 [Appendix-87] 

99 See Traunecker {Nature, 339:68-70, 1989 ("Traunecker") [Appendix B-216]) and Capon U.S. Patent No. 
5,116,964 Col.4, lines 43-47 [Appendix B-26] 

100 Figures 8 and 9 of Kohno (2005) [Appendix B-l 18] display data from experiments evaluating whether 
etanercept can bind FcyR and Clq in the presence of TNF. A cell line expressing FcyRI and FcyRII was 
incubated with radiolabeled etanercept or anti-TNFa antibodies (infliximab and adalimumab) in the presence of 
the following competitiors: an 0.8-fold molar excess of TNF, a 200-fold excess of Fc, or a 200-fold excess of 
unlabeled etanercept, infliximab, or adalimumab. The results show that etanercept did not bind specifically to 
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CDC. Khare (2006) [Appendix B-l 15]. 101 Another publication reported that etanercept 
could not mediate complement-dependent killing of cells that express TNF. Barone 
[Appendix B-l]. 102 

One of the intended therapeutic uses of the claimed TNFR fusion proteins is to 
treat inflammatory disorders, by inhibiting or reducing the pro-inflammatory effects of TNF. 
See page 12, lines 17-21 and page 20, lines 15-18 of the specification. Therefore, the absence 
of/marked reduction in the pro-inflammatory effector functions of the immunoglobulin 
portion of the fusion protein is beneficial in the treatment of inflammatory disorders, where 
promoting inflammation is undesirable. 

Appellants also presented evidence showing that, at the time of filing the 
present application, one of ordinary skill in the art would have expected the claimed 
immunoglobulin fusion proteins to retain the pro-inflammatory effector activities of the 
immunoglobulin portion of the fusion. For example, Capon (cited by the Examiner; 
[Appendix B-26]) teaches that its hybrid immunoglobulin fusion proteins were expected to 
retain immunoglobulin effector functions, 103 such as ADCC and CDC. Capon's teaching is 
confirmed by data reported in pre-filing publications for other immunoglobulin fusions, such 
as CD4/IgG fusions, which showed that such fusions retained both ADCC and CDC 
activities. Byrn et al. {Nature, 344:667-670 (April 1990) C'Byrn") [Appendix B-22]) shows 
that a fusion protein in which CD4 is fused to the hinge region of IgG retains ADCC 
activity. 104 Traunecker {Nature, 339:68-70, 1989 ("Traunecker") [Appendix B-216]) shows 



Clq, whereas each of the antibodies did in the presence of TNF. Figure 9. Similarly, both antibodies showed 
substantially enhanced binding to cells expressing FcyRI and FcyRlI and to Clq in the presence of TNF, 
whereas etanercept did not. See Figures 8 and 9. 

101 Figure 3 of Khare 2006 [Appendix B-l 15] demonstrates that etanercept mediated little or no detectable 
ADCC compared to infliximab, an anti-TNF antibody which contains an analogous hinge-CH2-CH3 region. 
Figure 4 shows that etanercept exhibited markedly less CDC compared to infliximab. For these assays, MT-3 
cells, which express membrane-bound TNF, were incubated with varying concentrations of etanercept or 
infliximab (an anti-TNFa antibody). 

102 Barone [Appendix B-l]states that "infliximab [an anti-TNF antibody] was able to mediate complement- 
dependent killing of the TNF-expressing cells (60% lysis at 0.5 mg/mL). In contrast, etanercept was not able to 
mediate complement-dependent killing of the TNF-expressing cells (0% lysis at 1 .0 mg/mL)." 

103 Capon [Appendix B-26] at col. 4, lines 43-47. See also Capon at col. 15, lines 7-8 (C-terminal constant 
region of an antibody contains the effector functions of IgG 1). 

104 Byrn [Appendix B-22] at page 668, first col. states that "CD4 immunoadhesin [a CD4/IgG fusion protein] 
mediates ADCC towards HIV-infected [cells], but not uninfected , CEM human T-lymphoblastoid cells in a 
dose-dependent manner (Fig. 2a and b). Soluble recombinant (rCD4) does not mediate ADCC (not shown), but 
can inhibit cell lysis mediated by CD4 immunoadhesin. . . ." 
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that a fusion protein in which CD4 is fused to the hinge region of IgG also retains ability to 
bind FcyR and Clq, the proteins that mediate the initiation of ADCC and CDC, 
respectively. 105 Capon, Nature, 337:525-531 (1989) ("Capon (1989)") [Appendix B-69], 
shows that the CD4-IgG fusion retains the ability to bind well to FcyR. 106 

Thus, against the expectation in the art as of the application's effective filing 
date that the claimed TNFR fusion proteins would bind to FcyR or Clq and retain pro- 
inflammatory immunoglobulin effector functions, the observations that a fusion of a soluble 
fragment of p75 TNFR to the hinge region of IgGl lacks ability to bind FcyR or Clq, exhibits 
little or no ADCC, and is unable to mediate CDC or exhibits markedly decreased CDC, are 
all unexpected and advantageous properties that render the claimed TNF-binding fusion 
proteins nonobvious. See Ex parte Mead Johnson & Co., 227 U.S.P.Q. 78, 79 (Bd. Pat. App. 
& Inter. 1985). 

ii. Lack of aggregating ability 

Because immunoglobulins are multimeric, multiple immunoglobulin and 
antigen molecules can form aggregated antibody-antigen complexes. This is consistent with 
teachings in the art that multivalent binding molecules and multimeric ligands can form 
aggregated complexes. 107 Aggregation of antibodies greatly enhances effector functions such 
as ADCC and CDC. 108 



Traunecker [Appendix B-216] reported that a CD4/IgG fusion, wherein soluble CD4 was fused to the hinge 
region of an immunoglobulin heavy chain, retained the ability to bind complement protein Clq and the receptor 
that initiates ADCC (Fc7 receptor). Traunecker suggests that removal of the CHI domain does not create major 
structural alterations in the regions of the CH2 domain responsible for Clq and Fc7 receptor binding. See the 
data displayed in Figures 3a, 3b and 3c at page 69 of Traunecker. 

106 Capon (1989) [Appendix B-69] at page 528, bottom left col., similarly states that their CD4/Ig fusion bound 
well to FcyR receptor. Although Capon (1989) stated that their CD4/Ig fusion did not bind Clq, the article 
states that this result was "surprising" (page 529, bottom left col.), indicating that the authors expected to see the 
results described in Traunecker. 

107 As a general example of a bivalent binding compound, Larsson and Mosbach, FEBS Lett. 98(2):333-338 
(1979) ("Larsson") [Appendix B-123] shows that a bifunctional NAD compound prepared by covalently linking 
two NAD compounds (denoted Bis-NAD) was able to complex with and precipitate the tetrameric enzyme 
lactate dehydrogenase. One technique for detecting the formation of aggregates or complexes is the classic 
Ouchterlony (double diffusion) test, typically used to detect aggregation of antibodies and antigens. For 
example, the ligand is placed in the center well of an agarose gel and the ligand binding partner(s) or controls 
are placed in peripheral wells that are equidistant from the center well. As the ligand and ligand binding partner 
diffuse towards each other through the gel, they bind and aggregate, causing visible precipitation lines to form in 
the agarose gel. Results of an Ouchterlony test for bis-NAD and its ligand LDH are shown in Figure 3 at page 
337 of Larsson, where precipitation lines can be seen for peripheral wells 1-3 (containing bis-NAD) but not for 
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Appellants presented evidence showing that two different anti-TNF 
antibodies, adalimumab and infliximab, form high molecular weight aggregates when 
combined with TNF, while etanercept, a soluble p75 TNFR fusion protein within the scope of 
the claims, did not. See Kohno (2005). [Appendix B-l 18] 109 Etanercept's lack of ability to 
aggregate is surprising because etanercept, like the anti-TNF antibodies, is divalent. One 
would have predicted that a divalent TNF binding molecule would form aggregated 
complexes with trimeric TNF ligand. The lack of ability to aggregate is likely due to the 
unusual 1:1 binding stoichiometry of the claimed fusion proteins for TNF trimers. Kohno 
(2005) shows that, when TNF was mixed at varying ratios with etanercept, no complexes 
were observed in which one molecule of etanercept bound two TNF trimers. 110 

The absence of an ability to form aggregated complexes with multiple TNF 
trimers is an unexpected result that is advantageous in treating inflammatory and other 
disorders. For example, physical proximity of IgG molecules, such as occurs in aggregated 
complexes, plays an important role in complement activation, which is undesirable in 
inflammatory disorders. 1 1 1 Further, deposition of antigen: antibody aggregates (also called 
immune complexes or antigen-antibody complexes) in tissue sites was recognized in the art 
to be pathogenic. Type III hypersensitivity reactions, serum sickness and autoimmune 
diseases such as systemic lupus erythematosus and rheumatoid arthritis were believed to be 
the result of such immune complexes. 112 



wells 4-6 (containing monomeric NAD or buffer only). Thus, the dimeric products form aggregates while the 
monomeric product does not. 

108 Paul pp. 681-701 at page 681 {Appendix B-87] 

109 See Kohno (2005) [Appendix B-l 18]. Figure 6 of Kohno 2005 displays results of an Ouchterlony test for 
three different TNF-binding compounds, etanercept and two anti-TNF antibodies adalimumab and infliximab. 
In the control experiment (Figure 6A), the center well was filled with a goat anti-Fc antibody which would bind 
to the common Fc portion of all three TNF-binding compounds. As expected, precipitation lines are formed for 
all three wells (etanercept, adalimumab and infliximab). In the test experiment (Figure 6B), the center well was 
filled with TNF. It can be seen that precipitation lines formed for the anti-TNF antibodies (adalimumab and 
infliximab) but not for etanercept, indicating that no TNF-etanercept aggregates were detected. 

110 In Kohno (2005) [Appendix B-l 18], when etanercept and TNF were mixed at varying molar ratios, under the 
experimental conditions used, size-exclusion chromatography and subsequent determinations of molecular mass 
and radius by a light scattering detector (SEC-LS) show that etanercept will bind only one TNF trimer. See 
Figures 2 and 5 of Kohno 2005. [Appendix B-l 18]. When etanercept is present in excess, two molecules of 
etanercept will bind one TNF trimer (the 300kD complex of Figure 6). However, complexes were not observed 
in which one molecule of etanercept bound two TNF trimers. 

111 Fundamental Immunology, 2nd Edition, Paul, ed., Raven Press, New York, 1989, at pp. 679-701. [Appendix 
B-87] 

112 Immunology, 1st Edition, Klein ed., 1990, pp. 446-447 [Appendix B-l 12] 
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Thus, against the expectation in the art as of the application's effective filing 
date that dimeric TNFR fusion proteins would bind two trimeric TNF ligands, the unexpected 
1:1 binding stoichiometry and lack of ability to aggregate is an unexpected and advantageous 
property that renders the claimed TNF-binding fusion proteins nonobvious. See Ex parte 
Mead Johnson & Co. 227 U.S.P.Q. 78, 79 (Bd. Pat. App. & Inter. 1985). 

iii. Unexpected thousand-fold increased potency in TNF 
neutralization activity 

A soluble p75 TNFR fusion protein within the scope of the claims exhibited 
an unexpected 50-fold improvement in binding affinity for TNF and a dramatic 1000-fold 
improvement in TNF neutralizing potency in in vitro biological activity assays, compared to 
the unfused, soluble p75 TNFR (i.e., the monomeric extracellular domain of p75 TNFR 
alone). Mohler et al.,J. Immunol., 151:1548-1561 (1993) (hereafter "Mohler") [Appendix B- 
181]." 3 The 1000-fold increase in TNF neutralizing potency observed in vitro for the fusion 
protein was even higher than would have been predicted on the basis of the 50- fold increased 
binding affinity, and therefore is of a completely unexpected magnitude that renders the 
increased potency a different property altogether. See In re Waymouth, 499 F.2d 1273, 1276, 
182 U.S.P.Q. 290, 293 (CCPA 1974). In contrast, no such increase in potency was observed 
for other prior art immunoglobulin fragment fusions such as CD4-IgG fusion. Capon (1989) 
[Appendix B-69] states "Both CD4 immunoadhesins blocked cell killing with the same 
potency as soluble rCD4." 114 Thus, against the expectation in the art, the dramatic increase in 
potency is an unexpected and advantageous property that renders the claimed TNF-binding 
fusion proteins nonobvious. In re Corkill, 71 1 F.2d 1496, 1499, 226 U.S.P.Q. 1005, 1008 
(Fed. Cir. 1985); In re Chupp, 816 F.2d 643, 646, 2 U.S.P.Q.2d 1437, 1439 (Fed. Cir. 1987). 



113 Mohler [Appendix B-181] provides data for a recombinant fusion protein comprising the extracellular 
domain of the 75 kD TNF receptor (referred to in Mohler as p80) fused to the hinge region of IgGl (denoted as 
"sTNFR:Fc" in the article). See page 1554, right column. 2 bottom. The dimeric sTNFR:Fc had about 50 fold 
higher binding affinity for TNF than the monomeric soluble TNFR fragment denoted as "sTNFR" (page 1550, 
col. 2 and Fig. 2A), and the dimeric sTNFRrFc was about 1000 fold more effective in neutralizing TNF-induced 
cytotoxicity in L929 cells (page 1551, left column and Fig. 2B) than the monomeric sTNFR. 

1 14 Capon (1989) [Appendix B-69] in Fig. 5 and at p. 529, bottom right col. 
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iv. Unexpectedly increased binding affinity and kinetic 
stability 

A different fusion protein within the scope of the claims also exhibited 
improved binding properties, both in binding affinity and kinetic stability of the bound 
complexes (how long the complexes remain bound before dissociating). Consistent with the 
work of Mohler, Lesslauer and coworkers demonstrated that a fusion of soluble p75 TNFR to 
the hinge region of IgG3 exhibited (a) surprisingly good binding affinity, (b) unexpectedly 
higher kinetic stability, and (c) improved inhibition of TNF biological activity. 115 

Such an improvement in binding properties was not observed for prior art 
immunoglobulin fragment fusions such as CD4-IgG fusion. For example, Capon (1989) 
demonstrated that a CD4/IgG fusion bound its ligand, gpl20, with the same kinetic stability 
as the soluble, unfused CD4. 1 16 Where the prior art would have predicted no improvement in 
binding properties for the fusion protein compared to the soluble receptor alone, the 
observations of increased binding affinity and increased kinetic stability constitute novel and 
unexpected properties. Particularly in view of Appellants' evidence of uncertainty 
concerning whether the p75 TNFR fusion proteins would even retain TNF-binding activity at 
all, 117 the observed increased binding affinity and increased kinetic stability are unexpected 
and advantageous results that render the claimed invention nonobvious. In re Corkill, 111 
F.2d 1496, 1499, 226 U.S.P.Q. 1005, 1008 (Fed. Cir. 1985); In re Chupp, 816 F.2d 643, 646, 
2 U.S.P.Q.2d 1437, 1439 (Fed. Cir. 1987). 

1,5 See paragraph 4 of the English translation (Exhibit B; B-137) of Lesslauer Declaration A [Appendix B-129]: 
"Surprisingly, however, the fusion construct obtained even had an excellent binding activity. In addition, an 
unexpectedly higher kinetic stability and a surprisingly improved inhibition of the effect of TNF in biological 
cell culture tests were discovered as well." 

Experiment I of Lesslauer Declaration A is a binding study that measured dissociation of the test TNF binding 
protein from radiolabeled TNFa in the presence of unlabeled TNFa. Dissociation of the dimeric 
p75sTNFR/IgG fusion was compared to dissociation of the monomeric p75sTNFR. As shown in the figure, at 
the six-minute time point, essentially all of the TNFa had dissociated from the monomeric p75sTNFR, while 
only about half of the TNFa had dissociated from the dimeric p75sTNFR/IgG fusion, which indicates that the 
dimeric product binds for a longer period of time and has a higher kinetic stability than the monomeric product. 
Experiment II of Lesslauer Declaration A shows that the same dimeric product (at about half the molar 
concentration of the monomeric product) also produced superior inhibition of TNF biological activity in vitro, in 
an assay measuring TNF-induced proliferation of mononuclear cells. 

116 Capon (1989) [Appendix B-69] at p. 526, bottom right col. states "The dissociation constant (Kd) for the 
interaction of each immunoadhesin [CD4/IgG fusion] with gpl20 [the ligand bound by CD4], calculated by 
Scatchard analysis (Fig. 3a, inset), was indistinguishable from that of soluble rCD4." 

117 Lesslauer Declaration A [Appendix B-129] states that "the spatial geometry of the receptor binding site was 
unknown. Thus, it could have been possible that the fusion with IgG fragments created a spatial structure that 
would have contained TNF receptor sequences but which, due to its spatial structure, was completely unable to 
bind TNFa. [Emphasis added.]" 
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v. Summary of nonobviousness arguments 

As explained above, Appellants respectfully submit that claims 62, 102, 103, 
107, 110, 111, 119, 120, 129, and 130 are nonobvious for the following reasons. First, a 
proper prima facie case of obviousness has not been articulated for the following reasons: (1) 
knowledge in the art taught away from combining Dembic with Capon; (2) no rationale 
motivating the selection of the claimed homodimeric fusion protein from the many types of 
fusion proteins disclosed in Capon has been articulated; and (3) the Examiner's assertion of a 
reasonable expectation of success rests on an uncorroborated factual assumption. Further, 
even if a proper prima facie case had been articulated, Appellants' overwhelming evidence of 
unexpected results rebuts any possible case of obviousness. Finally, the Examiner's failure to 
consider this evidence of unexpected results constitutes legal error. Thus, Appellants 
respectfully request reversal of these rejections for obviousness. 

2. The obviousness rejection of claims 105 and 113 

Claim 105, dependent from claim 62, recites immunoglobulin IgGi. Claim 
1 13, dependent from claims 107, 1 10 or 1 1 1, also recites immunoglobulin IgGi. Appellants' 
evidence of unexpected results provides an additional and separate basis for patentability with 
respect to these claims reciting IgGl . The evidence shows that unexpected results with 
respect to improved TNF binding and neutralization were observed for different IgG isotypes, 
both IgG3 and IgGi. However, additional evidence of unexpected results was generated for 
the IgGi embodiment, namely the absence of or marked reduction in effector function, and 
the absence of aggregation ability. 

In addition, the rejection of claims 105 and 1 13 as obvious should be reversed 
for the following reasons. The Examiner has failed to establish a case of obviousness for a 
number of reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) 
the Examiner failed to articulate a rationale motivating the selection of the claimed 
homodimeric fusion protein, in particular, from among the many types of fusion proteins 
disclosed in Capon, and (3) the Examiner's assertion of a reasonable expectation of success 
was based on an uncorroborated factual assumption. 1 18 Moreover, the rejection should be 
reversed because the Examiner's refusal to evaluate Appellants' overwhelming evidence of 

118 See VII.B.1. 
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unexpected results is contrary to controlling case law, and Appellants' evidence of 
unexpected results rebuts any possible case of obviousness. Thus, Appellants respectfully 
request reversal of the rejection of claims 105 and 113 for obviousness. 

3. The obviousness rejection of claims 106, 125, 126 and 128 

Claims 106, 125, 126 and 128 recite more peptide sequences for the TNF- 
binding soluble fragment of p75 TNFR than SEQ ID NO: 10, namely SEQ ID NOS: 8, 9, 12, 
and 13, and also recite immunoglobulin IgGi. The recitation of further sequence 
characterizing the TNFR provides for different scope and patentability considerations. 

Appellants' evidence of unexpected results provides an additional and separate 
basis for patentability with respect to these claims reciting IgGi. The evidence shows that 
unexpected results with respect to improved TNF binding and neutralization were observed 
for different IgG isotypes, both IgG3 and IgGi. However, additional evidence of unexpected 
results was generated for the IgGi embodiment, namely the absence of or marked reduction 
in effector function, and the absence of aggregation ability. 

In addition, the rejection of claims 106, 125, 126 and 128 as obvious should be 
reversed for the following reasons. The Examiner has failed to establish a case of 
obviousness for a number of reasons: (1) the cited art teaches away from combining Dembic 
with Capon, (2) the Examiner failed to articulate a rationale motivating the selection of the 
claimed homodimeric fusion protein, in particular, from among the many types of fusion 
proteins disclosed in Capon, and (3) the Examiner's assertion of a reasonable expectation of 
success was based on an uncorroborated factual assumption. 119 Moreover, the rejection 
should be reversed because the Examiner's refusal to evaluate Appellants' overwhelming 
evidence of unexpected results is contrary to controlling case law, and Appellants' evidence 
of unexpected results rebuts any possible case of obviousness. Thus, Appellants respectfully 
request reversal of the rejection of claims 106, 125, 126 and 128 for obviousness. 

4. The obviousness rejection of claim 114 

Claim 1 14 is additionally nonobvious because the Examiner's rationale for 
combining Dembic and Capon to show obviousness is completely inapplicable to this claim. 

119 See section VII.B.l. 
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Claim 114 recites pharmaceutical compositions comprising the claimed TNF-binding fusion 
protein of any of claims 62, 107, 134 or 135 and a pharmaceutically acceptable carrier 
material. The Examiner's position was that one of ordinary skill in the art was motivated to 
combine the soluble p75 TNFR fragment of Dembic and with one of the many 
immunoglobulin fragments of Capon for purposes of affinity purifying TNF. 

This rationale of affinity purification completely fails with respect to 
pharmaceutical compositions. The Examiner asserted that preparation of sterile 
pharmaceutical compositions was motivated, without explaining why affinity purification 
compositions need to contain a pharmaceutically acceptable carrier material. The Examiner's 
assertion is completely unsupported by any evidence, contrary to controlling precedent. See 
In re Spormann, 363 F.2d 444, 447, 150 U.S.P.Q. 449, 452 (C.C.P.A. 1966) ("if the Patent 
Office wishes to rely on [specific knowledge in the prior art], it must produce some reference 
showing what such knowledge consists of); In re Ahlert, 424 F.2d 1088, 1091, 165 U.S.P.Q. 
418, 420-21 (CCPA 1970). 

Moreover, the Examiner's assertion that affinity purification compositions 
need to contain a sterile pharmaceutically acceptable carrier material is, in Appellants' view, 
not rational. Thus, the requirement for "articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness" is not met for claim 114. KSR 

Intl. Co. v. Teleflex, Inc., 550 U.S. , 127 S. Ct. 1727, 1741, 82 U.S.P.Q.2d 1385, 1396 

(2007) (quoting In re Kahn, 441 F. 3d 977, 988, 78 U.S.P.Q.2d 1329, 1336 (Fed. Cir. 2006)); 
see also Pfizer v. Apotex, 480 F.3d 1348, 82 U.S.P.Q.2d 1321 (Fed. Cir. 2007). This 
constitutes an independent and the separate ground for reversing the obviousness rejection. 

In addition, the rejection of claim 1 14 as obvious should be reversed for the 
following reasons. The Examiner has failed to establish a case of obviousness for a number 
of reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) the 
Examiner failed to articulate a rationale motivating the selection of the claimed homodimeric 
fusion protein, in particular, from among the many types of fusion proteins disclosed in 
Capon, and (3) the Examiner's assertion of a reasonable expectation of success was based on 
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an uncorroborated factual assumption. Moreover, the rejection should be reversed because 
the Examiner's refusal to evaluate Appellants' overwhelming evidence of unexpected results 
is contrary to controlling case law, and Appellants' evidence of unexpected results rebuts any 
possible case of obviousness. Thus, Appellants respectfully request reversal of the rejection 
of claim 1 14 for obviousness. 

5. The obviousness rejection of claim 121 

The scope of claim 121 differs from that of claim 62, from which it depends, 
inasmuch as claim 121 recites "consists of." This claim is directed to species in which the 
TNF-binding soluble fragment of p75 TNFR is fused directly to the domains of the IgG 
heavy chain constant region, thus excluding embodiments with extra linker sequence(s) 
between the two segments. Consequently, the scope and patentability considerations with 
respect to this claim differ. Much of the evidence of unexpected results was generated with a 
fusion protein that consists of a TNF-binding soluble fragment of p75 TNFR fused to all of 
the domains of an IgG heavy chain constant region other than CHI. 

In addition, the rejection of claim 121 as obvious should be reversed for the 
following reasons. The Examiner has failed to establish a case of obviousness for a number 
of reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) the 
Examiner failed to articulate a rationale motivating the selection of the claimed homodimeric 
fusion protein, in particular, from among the many types of fusion proteins disclosed in 
Capon, and (3) the Examiner's assertion of a reasonable expectation of success was based on 
an uncorroborated factual assumption. Moreover, the rejection should be reversed because 
the Examiner's refusal to evaluate Appellants' overwhelming evidence of unexpected results 
is contrary to controlling case law, and Appellants' evidence of unexpected results rebuts any 
possible case of obviousness. Thus, Appellants respectfully request reversal of the rejection 
of claim 121 for obviousness. 

6. The obviousness rejection of claim 127 

The scope of claim 127 differs from that of claim 106, from which it depends, 
inasmuch as claim 127 recites "consists of." This claim is directed to species in which the 

120 See section VILB.l. 

121 See section VILB.l. 
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TNF-binding soluble fragment of p75 TNFR is fused directly to the domains of the IgG 
heavy chain constant region, thus excluding embodiments with extra linker sequence(s) 
between the two segments. Consequently, the scope and patentability considerations with 
respect to this claim differ. Much of the evidence of unexpected results was generated with a 
fusion protein that consists of a TNF-binding soluble fragment of p75 TNFR fused to all of 
the domains of an IgG heavy chain constant region other than CHI. 

In addition, the rejection of claim 127 as obvious should be reversed for the 
following reasons. The Examiner has failed to establish a case of obviousness for a number 
of reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) the 
Examiner failed to articulate a rationale motivating the selection of the claimed homodimeric 
fusion protein, in particular, from among the many types of fusion proteins disclosed in 
Capon, and (3) the Examiner's assertion of a reasonable expectation of success was based on 
an uncorroborated factual assumption. Moreover, the rejection should be reversed because 
the Examiner's refusal to evaluate Appellants' overwhelming evidence of unexpected results 
is contrary to controlling case law, and Appellants' evidence of unexpected results rebuts any 
possible case of obviousness. Thus, Appellants respectfully request reversal of the rejection 
of claim 127 for obviousness. 

7. The obviousness rejection of claims 131 and 134-136 

Claims 131 and 134-136 recite the language "consists of (claim 131) or 
"consisting of (claims 134-136) and also recites IgGi. 

This claim is directed to species in which the TNF-binding soluble fragment of 
p75 TNFR is fused directly to the domains of the IgG heavy chain constant region, thus 
excluding embodiments with extra linker sequence(s) between the two segments. 
Consequently, the scope and patentability considerations with respect to this claim differ. 
Much of the evidence of unexpected results was generated with a fusion protein that consists 
of a TNF-binding soluble fragment of p75 TNFR fused to all of the domains of an IgG heavy 
chain constant region other than CHI. 



See section VII.B.l. 
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Appellants' evidence of unexpected results provides an additional and separate 
basis for patentability with respect to these claims reciting IgGi. The evidence shows that 
unexpected results with respect to improved TNF binding and neutralization were observed 
for different IgG isotypes, both IgG3 and IgGi. However, additional evidence of unexpected 
results was generated for the IgGi embodiment, namely the absence of or marked reduction 
in effector function, and the absence of aggregation ability. 

In addition, the rejection of claim 131 and 134-136 as obvious should be 
reversed for the following reasons. The Examiner has failed to establish a case of 
obviousness for a number of reasons: (1) the cited art teaches away from combining Dembic 
with Capon, (2) the Examiner failed to articulate a rationale motivating the selection of the 
claimed homodimeric fusion protein, in particular, from among the many types of fusion 
proteins disclosed in Capon, and (3) the Examiner's assertion of a reasonable expectation of 
success was based on an uncorroborated factual assumption. 123 Moreover, the rejection 
should be reversed because the Examiner's refusal to evaluate Appellants' overwhelming 
evidence of unexpected results is contrary to controlling case law, and Appellants' evidence 
of unexpected results rebuts any possible case of obviousness. Thus, Appellants respectfully 
request reversal of the rejection of claims 131 and 134-136 for obviousness. 

8. The obviousness rejection of claim 137 

Claim 137, which depends from claim 105, is additionally nonobvious because 
the Examiner's rationale for combining Dembic and Capon to show obviousness is 
completely inapplicable to this claim. Claim 137 recites pharmaceutical compositions 
comprising the claimed TNF-binding fusion protein of claim 105 and a pharmaceutical^ 
acceptable carrier material. The Examiner's position was that one of ordinary skill in the art 
was motivated to combine the soluble p75 TNFR fragment of Dembic and with one of the 
many immunoglobulin fragments of Capon for purposes of affinity purifying TNF. 

This rationale of affinity purification completely fails with respect to 
pharmaceutical compositions. The Examiner asserted that preparation of sterile 
pharmaceutical compositions was motivated, without explaining why affinity purification 



See section VII.B.l. 
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compositions need to contain a pharmaceutical^ acceptable carrier material. The Examiner's 
assertion is completely unsupported by any evidence, contrary to controlling precedent. See 
In re Spormann, 363 F.2d 444, 447, 150 ILS.P.Q. 449, 452 (C.C.P.A. 1966) ("if the Patent 
Office wishes to rely on [specific knowledge in the prior art], it must produce some reference 
showing what such knowledge consists of); In re Ahlert, 424 F.2d 1088, 1091, 165 U.S.P.Q. 
418,420-21 (CCPA 1970). 

Moreover, the Examiner's assertion that affinity purification compositions 
need to contain a sterile pharmaceutically acceptable carrier material is, in Appellants' view, 
not rational. Thus, the requirement for "articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness" is not met for claim 114. KSR 

Intl. Co. v. Teleflex, Inc., 550 U.S. , 127 S. Ct. 1727, 1741, 82 U.S.P.Q.2d 1385, 1396 

(2007) (quoting/// re Kahn, 441 F. 3d 977, 988, 78 U.S.P.Q.2d 1329, 1336 (Fed. Cir. 2006)); 
see also Pfizer v. Apotex, 480 F.3d 1348, 82 U.S.P.Q.2d 1321(Fed. Cir. 2007). This 
constitutes an independent and a separate ground for reversing the obviousness rejection. 

In addition, claim 137, like claim 105, is directed to fusions of 
immunoglobulin IgGl. Appellants' evidence of unexpected results provides an additional 
and separate basis for patentability with respect to these claims reciting IgGi. The evidence 
shows that unexpected results with respect to improved TNF binding and neutralization were 
observed for different IgG isotypes, both IgG3 and IgGi. However, additional evidence of 
unexpected results was generated for the IgGi embodiment, namely the absence of or marked 
reduction in effector function, and the absence of aggregation ability. 

In addition, the rejection of claim 137 as obvious should be reversed for the 
following reasons. The Examiner has failed to establish a case of obviousness for a number 
of reasons: (1) the cited art teaches away from combining Dembic with Capon, (2) the 
Examiner failed to articulate a rationale motivating the selection of the claimed homodimeric 
fusion protein, in particular, from among the many types of fusion proteins disclosed in 
Capon, and (3) the Examiner's assertion of a reasonable expectation of success was based on 
an uncorroborated factual assumption. 124 Moreover, the rejection should be reversed because 
the Examiner's refusal to evaluate Appellants' overwhelming evidence of unexpected results 

124 See section VII.B.l. 
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is contrary to controlling case law, and Appellants' evidence of unexpected results rebuts any 
possible case of obviousness. Thus, Appellants respectfully request reversal of the rejection 
of claim 137 for obviousness. 

C. The rejection of claims 140-144 under 35 U.S.C. §112, first paragraph 

Brief statement of relevant prosecution history 

Claims 140-144 were rejected under 35 U.S.C. §1 12, first paragraph, for 
assertedly containing new matter and lacking enablement. Appellants had amended the 
specification on November 14, 2006 to add reference to a plasmid deposited with the ATCC 
that contains a DNA sequence encoding insoluble as well as soluble portions of p75 TNFR. 
At the same time, Appellants added claims 140-144, which recited TNF-binding soluble 
fragments of the amino acid sequence encoded by the cDNA insert of the deposited plasmid. 

Reference to the deposit was inserted at page 10, line 34 of the specification as 
follows (in which underlining indicates the added text): 

DNA sequences which code for insoluble (deposited on 
October 17. 2006 with the American Type Culture Collection 
under Accession No. PTA 7942) as well as soluble fractions of 
TNF-binding proteins having an apparent molecular weight of 
65 kD/75 kD are also preferred. 

Accompanying the amendment was a Third Declaration of Dr. Werner 
Lesslauer under 35 U.S.C. §1.132 ("Lesslauer Declaration B") [Appendix B-141]. The 
declaration stated in paragraph 4 that the deposited material is a DNA construct designated 
N227 that contains DNA sequence which includes sequence encoding the signal sequence 
and extracellular domain of human p75 TNFR. The declaration also provided evidence that 
(1) the deposited material was in Appellants' possession prior to the filing date of the original 
application, see paragraph 4, and (2) the deposited material is the same as the cDNA 
identified in the application at page 10, line 34 of the specification, see paragraph 7. 
Moreover, even without this declaration, it is apparent from the publication by some of the 
inventors of the entire p75 TNFR sequence (Dembic; [Appendix B-80]) that the inventors 
were in possession of the entire p75 TNFR sequence prior to the filing date of the original 
application. 



62 



In the Final Action, the Examiner rejected the inserted text as allegedly new 
matter 125 and rejected claims 140-144, which reference the deposited material, as assertedly 
containing new matter. 126 The Examiner also rejected claims 140-144 as lacking enablement 
because the specification allegedly does not contain a description of the deposited material 
sufficient to specifically identify the nature of the deposited sequence. 127 

1. The new matter rejection of claims 140-144 under 35 U.S.C. §112, first 
paragraph 

The rejection of claims 140-144 for asserted new matter should be reversed 
because Appellants' deposit was in full compliance with applicable case law. The Examiner 
rejected these claims for assertedly containing new matter, on the grounds that (1) the N227 
plasmid was not named in the specification, and (2) N227 cannot be a DNA described in the 
specification because it contains more sequence (e.g., signal sequence), than is displayed in 
the partial DNA sequence of Figure 4, which does not contain any signal sequence. 128 

The first reason is not a proper basis for rejecting the claims because neither 
case law nor the U.S.P.T.O. rules require that the specification include the specific name or 
designation of the biological preparation in order to deposit the preparation. The 2001 
written description guidelines, cited with approval in Enzo, supra, at 964, merely state at 
footnote 6 that the "description must be sufficient to permit verification that the deposited 
biological material is in fact that disclosed." In this case, the referenced portion of the 
specification describes cDNA encoding insoluble and soluble fragments of "TNF binding 
proteins having an apparent molecular weight of 65 kD/75 kD." Dr. Lesslauer's affidavit 
evidence is sufficient to permit verification that the deposited N227 plasmid includes DNA 
encoding insoluble as well as soluble fragments of this 65 kD/75 kD TNF receptor [Appendix 
B-141]. 



125 Page 22 of the Final Action. 

126 Page 23 of the Final Action. 

127 Pages 20-21 of the Final Action. The Final Action also included an enablement rejection because the record 
was missing a declaration confirming that the deposit was made under the terms of the Budapest Treaty; this 
aspect of the enablement rejection, however, was withdrawn in the Advisory Action after Appellants submitted 
such a declaration. 

128 Pages 23-24 of the Final Action. 

129 Guidelines for Examination of Patent Applications Under the 35 U.S.C, 1I2,P 1 "Written Description" 
Requirement, 66 Fed. Reg. 1099 (Jan. 5, 2001) ("Guidelines") at page 1 104. 
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The Federal Circuit's non-precedential decision in Evans Medical Ltd. v. 
American Cyanamid Co., 215 F.3d 1347, 52 U.S.P.Q.2d (BNA) 1455 (Fed. Cir. 1999) is 
informative on this point. In Evans, the Federal Circuit approved a post-filing deposit of a 
hybridoma secreting a monoclonal antibody as appropriate and consistent with In re Lundak 
773 F.2d 1216, 227 U.S.P.Q. 90, 92 (Fed. Cir. 1985) although they noted that the "written 
description makes no mention of the BB05 monoclonal antibody per se." Evans, 52 
U.S.P.Q.2d at 1457. U.S. Patent No. 5,237,052 merely refers to the deposit of a hybridoma 
secreting a "monoclonal immunoglobulin specific for ACAP." The relevant portion at col. 7, 
lines 30-38 is reproduced below: 

Mouse ascitic liquid containing a monoclonal 
immunoglobulin specific for ACAP was precipitated at 
room temperature by the addition of 2 volumes of '27% 
w/v Na2SC>4 and left to stand for 2-4 hrs before being 
sedimented (2000 g for 1 5 min). The hybridoma which 
secretes the monoclonal immunoglobulin was deposited 
under the Budapest Treaty at the European Collection of 
Animal Cell Cultures, Porton Down, United Kingdom on 
Jan. 5, 1990 under accession number 90010501. 

Thus, in Evans, the description of a monoclonal antibody by its binding 
specificity for a protein was sufficient to support a deposit of the hybridoma secreting that 
antibody. By analogy, in the present case, the description of a DNA encoding an identified 
protein should be sufficient to support a deposit of such a DNA. 

The second reason, i.e., that the deposited cDNA cannot have been described 
in the specification because it contains more sequence than Figure 4 of the application, is also 
not a proper basis for rejecting the claims because Appellants clearly contemplated a full 
length p75 TNFR for the reasons noted above in section VILA. 1 . Moreover, the presence of 
a signal sequence in the N227 plasmid cannot form the basis for a new matter rejection where 
the claims recite the soluble fragment portion encoded by the N277 DNA construct and thus 
the claims exclude the signal sequence. It is understood in the art that the extracellular 
domain excludes the signal sequence. See, e.g., the identification in Smith (1990) [Appendix 
B-21 1] that the extracellular domain commences at amino acid 23, after the 22-amino acid 
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signal sequence. 130 The N-terminus of the mature protein is correctly identified in Example 7 
of Appellants' specification, and therefore the signal sequence portion of the N227 plasmid is 
also identifiable. 

Thus, the fact that the N227 plasmid contains more DNA sequence than the 
DNA encoding the extracellular domain is not a proper basis for rejecting the claims for new 
matter. It is common for deposits related to DNA sequence to include more than the portion 
of sequence claimed. For example, in Enzo Biochem, Inc. v. Gen-Probe Inc., 323 F.3d 956, 
965, 63 U.S.P.Q.2d 1609, 1614 (Fed. Cir. 2002), the biological deposits named in the claims 
included not only the claimed N. gonorrheae DNA inserts but also vector sequence from the 
M13mp8 vector, and bacterial host E. coli JM103. See col. 13 lines 27-31 of the patent-at- 
issue, U.S. Patent No. 4,900,659. 131 

Therefore, the rejection of claims 140-144 for asserted new matter should be 

reversed. 

2. The enablement rejection of claims 140-144 under 35 U.S.C. §112, first 
paragraph 

The enablement requirement is that the specification enable one skilled in the 
pertinent art to make and use the claimed invention. 35 U.S.C. §112, first paragraph. The 
underlying question to be answered is whether undue or unreasonable experimentation is 
needed to practice the invention. In re Wands, 858 F.2d 731, 737, 8 U.S.P.Q.2d 1400, 1404 
(Fed. Cir. 1988). 

The rejection of claims 140-144 for lack of enablement is improper because 
the Examiner has not established how or why it would require undue experimentation for the 
skilled artisan to make and/or use the invention of claims 140-144. It is well settled case law 
that the making of a biological deposit is fully enabling for the material deposited. See In re 
Lundak, 773 F.2d 1216, 1217, 227 U.S.P.Q. 90, 92 (Fed. Cir. 1985); In re Argoudelis, 58 
C.C.P.A. 769, 771, 434 F.2d 1390, 1390, 168 U.S.P.Q. 99, 100 (C.C.P.A. 1970). One of 

130 The leader sequence (signal sequence) is underlined in Figure 3 of Smith (1990). See also page 1020. 
[Appendix B-211] 

131 "These three discrete nucleotide sequences were deposited in the form of a recombinant DNA molecule 
separately inserted at the Bam HI site of the Ml 3 mp 8 vector, which recombinant molecule has been 
transformed into the bacterial host E. coli JM103." Col. 13, lines 27-31 of U.S. Patent No. 4,900,659. 

65 



ordinary skill in the art would have known the location of the extracellular domain from the 
disclosure of the N-terminal sequence in the present specification, as well as from knowledge 
in the art such as Smith (1990) [Appendix B-21 1] and Dembic [Appendix B-80], and would 
readily have been able to prepare soluble fragments of p75 TNFR from the deposited 



undue experimentation to make and use the claimed invention. To the extent that the 
Examiner's position is based on the absence of the "N227" designation from the specification 
as originally filed, that is a new matter rejection and not a proper basis for an enablement 
rejection. 

Thus, the rejection of claims 140-144 for assertedly lacking enablement 
should be reversed. 

CONCLUSION 

The Examiner's legal and factual errors thus necessitate reversal of all 
rejections and return of this case to the Examiner for appropriate allowance of the claims. 

Dated: February 25, 2008 Respectfully submitted, 
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APPENDIX A 

Claims Involved in the Appeal of Application Serial No, 08/444,790 
62. A protein comprising 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an insoluble 
human TNF receptor, wherein the insoluble human TNF receptor (i) specifically binds 
human TNF, (ii) has an apparent molecular weight of about 75 kilodaltons on a non-reducing 
SDS-polyacrylamide gel, and (iii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10); and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain of said constant region; 

wherein said protein specifically binds human TNF. 

102. The protein of claim 62, wherein the soluble fragment comprises the peptides 
LCAP (SEQ ID NO: 12) and VFCT (SEQ ID NO: 8). 

103. The protein of claim 102, wherein the soluble fragment further comprises the 
peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

105. The protein of claim 62, wherein said human immunoglobulin IgG heavy 
chain is IgGi . 

1 06 . A protein comprising 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an insoluble 

human TNF receptor, wherein the insoluble human TNF receptor (i) specifically binds human 
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TNF, (ii) has an apparent molecular weight of about 75 kilodaltons on a non-reducing SDS- 
polyacrylamide gel, and (iii) comprises the amino acid sequences 

LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), LCAP (SEQ ID NO: 12), VFCT (SEQ ID 
NO: 8), NQPQAPGVEASGAGEA (SEQ ID NO: 9) and VPHLPAD (SEQ ID NO: 13), 

wherein the soluble fragment comprises the peptides LCAP (SEQ ID NO: 12) 
and VFCT (SEQ ID NO: 8); and 

(b) all of the domains of the constant region of a human IgGi heavy chain other 
than the first domain of the constant region; 

wherein said protein specifically binds human TNF. 

107. A recombinant protein encoded by a polynucleotide which comprises two 
nucleic acid subsequences, 

(a) one of said subsequences encoding a human TNF-binding soluble fragment of an 
insoluble human TNF receptor protein having an apparent molecular weight of about 75 
kilodaltons on a non-reducing SDS-polyacrylamide gel, said soluble fragment comprising the 
amino acid sequence LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), and 

(b) the other of said subsequences encoding all of the domains of the constant region 
of the heavy chain of a human IgG immunoglobulin other than the first domain of said 
constant region, 

wherein said recombinant protein specifically binds human TNF. 

110. The protein of claim 107, wherein the soluble fragment comprises the peptides 
LCAP (SEQ ID NO: 12) and VFCT (SEQ ID NO: 8). 



68 



111. The protein of claim 110, wherein the soluble fragment further comprises the 
peptide LP AQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

113. The protein of any one of claims 107, 1 10 or 111, wherein said human 
immunoglobulin heavy chain is IgGj. 

114. A pharmaceutical composition comprising the recombinant protein of any of 
claims 62, 107, 134 or 135 and a pharmaceutical^ acceptable carrier material. 

119. The protein of claim 62, wherein the protein is purified. 

120. The protein of claim 62, wherein the protein is produced by CHO cells. 

121 . The protein of claim 62, wherein the protein consists of (a) the soluble 
fragment of the receptor and (b) all of the domains of the constant region of the human 
immunoglobulin IgG heavy chain other than the first domain of the constant region. 

123. The protein of claim 62, wherein said domains of the constant region of the 
human immunoglobulin heavy chain consist essentially of the immunoglobulin amino acid 
sequence encoded by pCD4H/yl vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 
5314) or by pCD4-HY3 vector (deposited at Deutschen Sammlung von Mikroorganismen und 
Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 5523). 
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124. The protein of claim 105, wherein said domains of the constant region of the 
human immunoglobulin heavy chain consist essentially of the immunoglobulin amino acid 
sequence encoded by pCD4H7l vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 
5314). 

125. The protein of claim 106, wherein the protein is purified. 

126. The protein of claim 106, wherein the protein is produced by CHO cells. 

127. The protein of claim 106, wherein the protein consists of (a) the soluble 
fragment of the receptor and (b) all of the domains of the constant region of the human IgGi 
heavy chain other than the first domain of the constant region. 

128. The protein of claim 106, wherein the soluble fragment further comprises the 
peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

129. The recombinant protein of claim 107, wherein the recombinant protein is 
purified. 

130. The recombinant protein of claim 107, wherein the recombinant protein is 
produced by CHO cells. 
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131. The recombinant protein of claim 1 07, wherein the protein consists of (a) the 
soluble fragment of the receptor and (b) all of the domains of the constant region of the 
human IgGi heavy chain other than the first domain of the constant region. 

132. The protein of claim 107, wherein said domains of the constant region of the 
human immunoglobulin heavy chain consist essentially of the immunoglobulin amino acid 
sequence encoded by pCD4Hyl vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 
5314) or by pCD4-H73 vector (deposited at Deutschen Sammlung von Mikroorganismen und 
Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. DSM 5523). 

133. The protein of claim 113, wherein said domains of the constant region of the 
human immunoglobulin heavy chain consist essentially of the immunoglobulin amino acid 
sequence encoded by the DNA insert of pCD4Hyl vector (deposited at Deutschen Sammlung 
von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. 
DSM 5314). 

134. A protein consisting of 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an 
insoluble human TNF receptor, wherein the insoluble human TNF receptor (i) specifically 
binds human TNF, and (ii) has an apparent molecular weight of about 75 kilodaltons on a 
non-reducing SDS-polyacrylamide gel and (iii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), 
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wherein the soluble fragment comprises the peptides LCAP (SEQ ID NO: 12) and 
VFCT (SEQ ID NO:8), and 

(b) all of the domains of the constant region of a human IgGi heavy chain 
other than the first domain of the constant region, 

wherein the protein specifically binds human TNF, and 

wherein the protein is produced by CHO cells. 

135. The protein of claim 134, wherein the soluble fragment comprises the peptide 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

136. The protein of claim 134, wherein the protein is purified. 

137. A pharmaceutical composition comprising the recombinant protein of claim 
105 and a pharmaceutical^ acceptable carrier material. 

1 40. A protein comprising 

(a) human tumor necrosis factor (TNF) binding soluble fragment of the amino 
acid sequence encoded by the cDNA insert of the plasmid deposited with the ATCC on 
October 17, 2006 under accession number PTA 7942, 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain of said constant region; 

wherein said protein specifically binds human TNF. 
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141. The protein of claim 140 consisting of the soluble fragment and all the 
domains of the constant region of the human immunoglobulin IgG heavy chain other than the 
first domain of said constant region. 

142. The protein of claim 140 

wherein the protein is expressed by a mammalian host cell. 

143. The protein of claim 142, wherein the mammalian host cell is a CHO cell. 

144. The protein of claim 142 consisting of the soluble fragment and all the 
domains of the constant region of the human immunoglobulin IgG heavy chain other than the 
first domain of said constant region. 
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Published reports 2 have demonstrated that infliximab 
(REMICADE®), a mouse-human chimeric antibody to TNF, 

is able to kill some TNF-expressing cells In vitro in the presence of complement (C). Those 
experiments utilized cells that were unable to shed TNF and thus expressed high levels of cell- 
surface TNF. We have examined the ability of etanercept (ENBREL®), a soluble fusion protein 
consisting of two human p75 TNF receptors linked to the Fc region of human IgGl, to kill TNF- 
expressing cells in the presence of C. To directly assess the ability of etanercept to kill TNF- 
expressing cells, cDNAs containing the sequence for a mutated human TNF gene were obtained. 
The mutated genes encoded a sequence that greatly reduced the amount of TNF shed from the 
cell surface. These genes were transfected into CHO cells, and cell lines expressing high levels of 
cell surface TNF were generated following four sequential rounds of FACS staining and sorting with 
an anti-TNF monoclonal antibody. Etanercept and infliximab were equivalent in their ability to bind 
and neutralize the cell surface TNF as measured by FACS analysis and bioassay, respectively. As 
previously reported, infliximab was able to mediate complement-dependent killing of the TNF- 
expressing cells (60% lysis at 0.5 mg/mL). In contrast, etanercept was not able to mediate 
complement-dependent killing of the TNF-expressing cells (0% lysis at 1.0 mg/mL). The data 
highlight a unique difference between these TNF antagonists and suggests that etanercept and 
infliximab may have different mechanisms of action in vivo. 
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ABSTRACT 

Monoclonal antibodies were produced against two structurally related tumor 
necrosis factors (TNFs) , TNF -a (previously called tumor necrosis factor) and 
TNF-B (previously called lymphotoxin). The potential of these antibodies for 
the purification of TNFs, the development of^ specific immunoassays * ^and for 
defining the antigenic and functional domains of these cytokines was ^ 
investigated. None of the monoclonal antibodies cross-reacted with both TNF-a 
and TNF-B, or reacted with synthetic peptides which represented several of the 
regions of homology between these cytokines. Neutralizing monoclonal 
antibodies were utilized as immunoadsorbents to purify recombinant TNF-a *nd_ 
TNF-B from E. coli lysates. TNFs purified by this method were greater than 98 
percent pure by~sodium dodecyl sulfate-polyacryl amide gel electrophoresis and 
exhibited specific activities that were the same as TNFs isolated from natural 
sources using conventional chromatographic techniques. In addition, specific 
EL ISA assays were developed that could detect less than 1 ng/ml of TNF-a or 
TNF-B, and in contrast to bioassays, could discriminate between these related 
cytokines. 



INTRODUCTION 

Tumor necrosis factor (TNF) and lymphotoxin (LT) were originally described 
as activities that were cytostatic or cytotoxic for a number of tumor cell 
lines in vitro, but had no apparent harmful effects on normal cells in culture 
(1-8). — Ihese two factors had similar biological activities and were initially 
distinguished from each other solely on the basis of cellular source and 
induction conditions. Tumor necrosis factor was described as an activity that 
could cause the necrosis of transplanted tumors in mice (1-4). It was \* rs * . 
discovered in the serum of mice and rabbits after they had been injected with 
bacillus Calmette-Guerin and endotoxin (1,4). TNF activity was also found in 
the media of activated mononuclear cell cultures (2-4), and was thought to be 
produced by macrophages (1-4). Lymphotoxin was the name given to a factor 
with anti-tumor cell activity that was found in the media of activated 
lymphocyte cultures (5-8). These factors were produced in very small amounts 
by normal cells, which made their purification and characterization 
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difficult. Recently, we have reported the purification of two cytotoxic 
factors derived from continuous tumor cell lines, TNF-a (previously called 
TNF) produced by a human promyelocytic leukemia cell line (HL60) and TNF-e 
(previously called LT), produced by a human B lymphoblastoid cell line (RPMI 
1788) (9-11). Most of the amino acid sequences of both molecules were 
determined (10,11) and were found to be different but related. Using this 
amino acid sequence information, recombinant DNA techniques were utilized to 
clone the cDNAs for TNF-a and TNF-e and to express biologically active 
molecules in E* coli (12,13). A comparison of the complete amino acid 
sequences of these two proteins shows that 28 percent of the residues are 
identical and 51 percent are homologous, representing conservative amino acid 
changes (11,13). In addition, both cytokines have been shown to bind to the 
same cell surface receptor (14), and their genes have been found to be closely 
linked on chromosome six (15). Furthermore, it has been shown that both TNF-a 
and TNF-e can cause necrosis of Meth A tumors in vivo (12,13), a property 
which was originally used to name TNF. Due toThese structural and functional 
similarities, TNF and LT have been renamed TNF-a and TNF-e (16,17), a 
nomenclature analogous to that used for interferons. 

TNF-a and TNF-e cannot be distinguished on the basis of cytolytic activity 
in a standard L-929 cell lysis bioassay (1,6). In addition, the purification 
procedures used for TNF-a and TNF-e are complicated multi-column processes 
(9-11), making it cumbersome to purify TNFs from natural or recombinant 
sources. We, therefore, produced monoclonal antibodies against TNF-a and 
TNF-e in order to develop simple immunoaff inity purification procedures for 
these proteins, to discriminate between TNF-a and TNF-e by selective 
neutralization and quantitative immunoassays, and for use as structural probes 
to define the regions of the molecules responsible for their cytolytic 
activity. 

In this report, we describe the isolation of both neutralizing and 
non-neutralizing monoclonal antibodies to TNF-a and TNF-e. These antibodies 
were used to purify recombinant TNFs, yielding homogenous biologically active 
proteins. Various monoclonal and polyclonal antibodies were used to develop 
specific ELISA assays that were about as sensitive as a standard L-929 
cytolytic assay (11) but were faster and could discriminate between TNF-a and 
TNF-e. Binding studies and neutralization assays showed that none of the 
monoclonal antibodies reacted with both TNF-a and TNF-e. In addition, none of 
the antibodies showed any reactivity with synthetic peptides which represented 
some of the regions of homology between these cytokines. Several 
non-neutralizing antibodies were identified which reacted with a synthetic 
peptide that represents the ami no-terminal region of TNF-e. These antibodies 
were also specific for a 171 amino acid form of TNF-e and did not react with a 
biologically active truncated form which lacks 23 N-terminal amino acids. 



MATERIALS AND METHODS 

Immunization Protocols 

BALB/c mice were immunized with a combination of natural human TNF-a, 
purified from HL-60 cell line supernatants (11) and E. col i derived human 
recombinant TNF-a (13), purified using a similar protocol. Mice received an 
initial injection of natural TNF-a (1.7 yg) emulsified in CFA and administered 
IP and SC. The animals were then boosted SC and IM at seven-day intervals 
with TNF-a adsorbed onto alum (0.1 ml of A1(0H)3, 1.74 percent w/v in PBS), 
once with natural TNF-a (1.7 vg) and once with recombinant TNF-a (10 ug)- 
Serum collected after the second boost was positive for neutralizing 
antibodies. Two weeks later, the animals were further boosted with 
recombinant TNF-a, 50 M g injected IV and 125 y g emulsified in I FA and injected 
SC. Nine weeks after the initial immunization and prior to fusion, the mouse 
which produced the highest titer of antibodies was injected with a large dose 
of recombinant TNF-a (1.4 mg) using a protocol that has been reported to 
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result in the production of high numbers of positive hybridomas (18) and yield 
high affinity antibodies (19). 

BALB/c mice were immunized with TNF-e purified from RPMI 1788 cell line 
supernatants (9). The immunization protocol used for TNF-e was significantly 
different from that used for TNF-a. Several attempts to immunize mice with 
TNF-p yielded low titer antibodies that failed to neutralize biological 
activity- In an attempt to enhance its immunogenicity, TNF-3 was polymerized 
by treatment with glutaraldehyde (1 M) . Mice received an initial injection of 
polymerized TNF-e (poly-TNF-e) (50 yg) emulsified in IFA and administered SC. 
Twice, at seven-day intervals, the animals were boosted IM and IP with 
poly-TNF-B (100 yg) emulsified in IFA. Serum collected after the second boost 
was positive for antibodies by ELISA, but failed to neutralize biological 
activity. One week later, the mice were further boosted SC with poly-TNF-e 
(100 yg) adsorbed on alum and IV with untreated TNF-e (10 yg). Serum 
collected after the third boost was positive for neutralizing antibodies. 
Eight weeks after the initial immunization, the mouse that produced the 
highest titer antibodies was boosted IV with untreated TNF-e (15 yg) and its 
splenocytes were harvested for fusion four days later. 

Polyclonal antisera was obtained by immunizing NZW rabbits ID, at several 
sites, with recombinant TNF-a (1 mg) or TNF-e (1 mg) emulsified with CFA. At 
two-week intervals, the animals received booster injections SC, at several 
sites, with TNF-a (200 yg) or TNF-e (200 yg) emulsified with IFA. Ten days 
after booster injections, sera were collected and evaluated by ELISA and for 
neutralization of biological activity. The resulting pooled antisera had a 
neutralizing titer of approximately 900 x 10 J units and 45 x 10 J units of 
TNF-a and TNF-e neutralized per ml of serum, respectively. 

Fusion and Cell Culture 

Splenocytes were harvested from hyperimmune mice and were fused with 
NP3X63AG8.653 murine myeloma cells as previously described (20). The 
hybridomas were cultured in HAT medium (DMEM; glutamine, 2.9 g/1; 
2-mercaptoethanol , 50 ym; aminopterin, 10 ym; hypoxanthine, 100 ym; thymidine, 
31.4 ym supplemented with 10 percent NCTC 135 medium and 20 percent FBS), in 
five 96-well tissue culture plates which contained 2 x 10 4 BALB/c peritoneal 
macrophage feeder cells/well. The hybridomas were selected in HAT medium for 
fourteen days, and grown in HT medium (same as HAT but lacking aminopterin) 
thereafter. The cultures were screened by ELISA about fourteen days after 
fusion and positive cultures were cloned by limiting dilution in 96 well 
plates, using BALB/c thymocytes (10 6 /well) as feeder cells. 

ELISA Screening Assay 

Micro- ELISA plates (Dynatech Immulon II round bottom) were coated for 
16 hours at 4°C with purified recombinant TNF-a (170 ng/well) or recombinant 
TNF-e (100 ng/well) in 50 mM sodium carbonate buffer, pH 9.6. The unreacted 
protein binding sites on the wells were blocked by incubating for 30 minutes 
at 22°C with 1 percent gelatin (w/v) in 150 mM NaCl , 50 mM tris, 2 mM EDTA pH 

7.4 (TBS) (150 yl/well). The plates were then washed once with PBS containing 
0.05 percent Tween 20 (PBS-Tween). Hybridoma culture supernatants serially 
diluted with TBS containing 5 mg/ml BSA and 0.05 percent Tween 20 (sample 
buffer), were added to antigen coated wells and allowed to bind for 2 hours at 
22°C. After five rinses with PBS-Tween, horseradish peroxidase-conjugated 
goat anti-mouse IgG (Cappel) (100 yl/well) diluted 1:10,000 with sample buffer 
was added and allowed to bind for 1 hour at 22°C. The plates were rinsed five 
times with PBS-Tween and incubated 30 minutes at 22°C with 0.1 mg/ml 
o-phenylenedi amine in 0.1 M phosphate-citrate buffer, pH 5.0 containing 0.012 
percent HoQ? (100 yl/well). The reaction was stopped by the addition of 

2.5 N sulfuric acid (50 yl/well) and the absorbance of each well was 
determined using a Titertek Multiscan autoreader. The titers were expressed 
as the reciprocal of the dilution required to achieve 50 percent of the 
maximum absorbance at 492 nm. 
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Neutralization of TNF Cytotoxicity 



Supernatants derived from growing hybridomas or purified monoclonal 
antibodies were serially diluted with RPMI 1640, 50 U/ml penicillin, and 
50 yg/ml streptomycin supplemented with 10 percent FBS. These test samples 
were incubated with an equal volume of the same medium containing 
approximately 200 U TNF -a or TNF-$ for 16 hours at 37°C. The samples were 
then assayed for lysis of murine L-929 cells (11). These incubation 
conditions did not significantly reduce TNF-a or TNF-a biological activity in 
the absence of added antibody. 

Monoclonal Antibody Isotyping 

The isotype of the various anti-TNF monoclonal antibodies was determined 
by ELISA. Micro ELISA plates were coated for 16 hours at 4°C with 
isotype-specif ic rabbit antiserum (Miles) (100 ul/well diluted 1/1000 in 50 mM 
sodium carbonate buffer pH 9.6). Undiluted hybridoma culture supernatants 
were incubated in the coated wells for 2 hours at 22°C. The washing and 
further processing were done as described above for the ELISA screening assay. 

Screening of Monoclonal Antibodies for Use in Immunoaf f ini ty Chromatography by 



The binding of anti-TNF monoclonal antibodies to antigen under various pH 
conditions and chaotropic salt concentrations was measured by ELISA. Test 
antibodies were o allowed to bind to TNF-a or TNF-e coated micro ELISA wells for 
two hours at 22 C. Thereafter, the wells were washed five times with PBS 
containing 0.05 percent Tween 20. The wells were then treated for 1 hour at 
22 C with either PBS, 0.15 M NaCl, 50 mM sodium acetate pH 4.0-7.0, 0.15 M 
NaCl, 50 mM sodium borate pH 7.5-11.0, 1.25 M KSCN, 20 mM tris pH 7.4; or 
3.5 M KSCN, 20 mM tris pH 7.4. The wells were then washed five times with 
Tween 20 and further processed as described above for the ELISA screening 
assay. The absorbance values of treated wells were compared with PBS control 
wells and any signal less than 50 percent of the PBS well was considered to be 
negative for binding. 

Purification of Monoclonal Antibodies 

Hybridoma cells were grown as ascites tumors in pristane primed BALB/c 
mice as previously described (21). Monoclonal antibodies were then purified 
from ascites fluid by DEAE Affigel Blue (BioRad) chromatography (22). 
Monoclonal antibodies were also purified from tissue culture supernatants 
using a similar procedure. Hybridoma cells were cultured in a modified low 
serum medium containing: high glucose DMEM/F12 (1:1); Hepes, 10 mM; 
B-mercaptoethanol, 50 uM; ethanolamine, 20 urn; glutamine, 2.9 g/1; insulin, 
5 mg/1 and supplemented with 2.5 percent FBS (23). Cells were grown to a 
density of about 10 6 cells/ml in spinner flasks, the medium was harvested by 
filtration through a 3 u m filter (Pall) and concentrated 10-f old by 
ultrafiltration using a PM10 membrane (Amicon). The IgG fraction was isolated 
by precipitation with 50 percent saturated ammonium sulfate, and then dialyzed 
against 20 mM tris pH 7.2. Thereafter, the IgG was purified by DEAE Affigel 
Blue chromatography. Purified antibodies were concentrated about 10-fold by 
ultrafiltration using a PM10 membrane to a final concentration of about 10 
mg/ml . 

Preparation of Immunoadsorbent Sepharose 

Purified monoclonal antibodies were extensively dialyzed against PBS and 
adjusted to a final concentration of 2 mg/ml. Cyanogen bromide activated 
Sepharose 4B (Pharmacia) was soaked in 1 mM HC1 for 10 min and was then washed 
on a buchner funnel with 1 mM HC1 (200 ml per gram dry gel). The washed gel 
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was rinsed with 1 gel volume of PBS and was mixed with the solution of 
purified monoclonal antibody at a ratio of 1 ml packed gel /ml antibody 
solution. The gel was allowed to react for 16 hours at 4 C with gentle 
agitation. The unreacted groups on the gel were blocked by incubating with an 
equal volume of 0.9 M ethanolamine-HCl , ph 8.0, for 2 hours at 4 C. The gel 
was then washed first with 5 volumes of PBS, and then with 5 volumes of 0.15 M 
NaCl, 0.1 M acetic acid and then with 10 o volumes of 0.15 M NaCl, 0.0b M tris, 
2 mM EDTA and stored in this buffer at 4°C. 

Immunoaff inity Chromatography 

All purification steps were carried out at 4*C. Frozen recombinant 
E. coli cells containing TNF-a or TNF-e expression plasmids (12,13) w f j r ^ nTA u 
■suspended in 10 volumes of lysis buffer (0.2 M NaCl, 0.1 M tris 50 mM EDTA pH 
7.5) and then sonicated at full power for 10 min. at 50 percent duty cycle 
using a Branson W-375 sonicator. The extract was clarified by the addition ot 
polyethyleneimine (pH 8.0) to a final concentration of 0.5 percent (w/v) and 
then centrifuged at 1100 x g for 15 min. The pellet was discarded, and solid 
ammonium sulfate was added to the supernatant to 50 percent saturation (TNF-a) 
or 40 percent saturation (TNF-e). After incubation for 16 hours at 4 L, the 
precipitate was collected by centrif ugation at 10,000 x g for 15 min. The 
resulting pellet was dissolved in 1 volume (1 ml/gr. cells) of 0.1 M tris, b 
mM EDTA pH 7.5; and filtered using a 0.45 pm millipore membrane filter. This 
sample was then loaded onto an immunoadsorbent column pre-equi librated with 
TBS at a flow rate of 9.5 cm/hour. After washing the column with 10 volumes 
of TBS containing 0.05 percent Tween 20 and then with 1 volume TBS at a flow 
rate of 19 cm/hour, the TNFs were eluted with 0.15 H NaCl, 0.1 M sodium 
acetate pH 4.5 at a flow rate of 9.5 cm/hour. Fractions were collected into 
one-tenth volume of 1 M tris pH 8.5 to adjust the pH of the eluate to about 
7.8. The columns were washed with about 10 volumes TBS prior to reuse. 

Double Sandwich EL ISA for TNF-a and TNF-B 

Micro- ELI SA wells (NUNC) were coated for 16 hours at 4*C with purified 
anti-TNF-a 1B2-G3 (100 ng/well) or anti-TNF-B 1G11-E4 (200 ng/well) diluted in 
P8S. Thereafter, the wells were washed once with PBS-Tween and samples, 
serially diluted with sample buffer, were added and incubated for 2 hours at 
22°C The wells were then washed 5 times with PBS-Tween and incubated for 2 
hours at 22°C with rabbit anti-TNF-a or anti-TNF-e (100 pi), diluted with 
sample buffer 1:1600 and 1:10,000, respectively. The. wells were again washed 
5 times with PBS-Tween and incubated for 1 hour at 22 C with goat anti-rabbit 
HRP conjugate (Cappel) (100 pi), diluted 1:10,000 with sample buffer. The 
wells were then washed 5 times and incubated for 30 min. with 0.2 mg/ml 
o-phenylenedi amine in 0.1 M phosphate/citrate pH 5.0 containing 0.012 percent 
HoOp (100 ul). The reaction was stopped by the addition of 
2.5 N H2SO4 (50 pi /well) and OD492 was measured using a Titertek 
Multiscan autoreader interfaced with an HP computer with Titercalc^ 
software. Both assays had useful ranges of 0.4-25 ng TNF/ml and their 
specificity was demonstrated by the lack of a signal generated by 30 pg/ml of 
TNF-a in the TNF-e ELI SA or by 30 pg/ml of TNF-B in the TNF-a EL I SA . 

Gel Electrophoresis and Immunoblots 

Sodium dodecyl sulf ate-polyacrylamide gel electrophoresis (SDS-PAGE) was 
performed as described by Laemmli (24). Gels were stained with 0.15 percent 
Coomassie Blue R250 (w/v) in 25 percent isopropanol (v/v), 10 percent acetic 
acid (v/v), and destained with 10 percent methanol (v/v), 10 percent acetic 
acid (v/v). To determine purity, gels were analyzed using a scanning laser 
densitometer (LKB) . The binding of antibodies to TNFs separated by SDS-PAGE 
was assessed by the immunoblot technique. Recombinant TNF-a (2 yg) or 18 kDa 
TNF-e (2 pg) were subjected to electrophoresis on 15 percent acrylamide 
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SDS-PAGE gels and transferred to nitrocellulose as previously described (25), 
The reactive sites on the nitrocellulose were blocked by incubating for 30 min 
with 3 percent gelatin (w/y) in TBS. Test monoclonal antibodies were diluted 
in 10 pg/ml in 1 percent gelatin (w/v) in TBS and incubated with the 
nitrocellulose strips for 16 hours at 22°C. The strips were then washed for 
15 min each with three changes of PBS-Tween. Bound monoclonal antibodies were 
detected by incubating for 4 hours with HRP-conjugated anti-murine IgG 
(Cappel) diluted 1:1000 in 1 percent gelatin. The strips were washed as above 
and incubated 15 min with 4-chloro-l napthol (0.6 mg/ml in 20 percent 
methanol, 80 percent TBS containing 0.018 percent H2O2), rinsed with water 
and air dried. 



Protein Determinations 



Protein determinations were performed by the dye binding method of 
Bradford (26) using bovine IgG as a standard. The protein concentration was 
also determined by absorbance using the extinction coefficients for pure 
recombinant TNF-a and 18 kOa recombinant TNF-e of e l mg/ml = 1.6 and 
e l 0 [Dg/ml a 1.68, respectively. 280 



125 I-Labeling of TNFs 

Highly purified preparations of natural and recombinant TNF-6 were 
iodinated by the chloramine T oxidation method to a specific activity of 
70 uci/pg (27,28). Recombinant TNF-a was iodinated using the Bol ton-Hunter 
reagent to a specific activity of 25 uci/yg (29). 

Epitope Mapping of Monoclonal Anti-TNF-a Antibodies 

Micro ELISA wells (Oynatech removawell) were coated for 16 hours at 4°C 
with purified anti-TNF-a monoclonal antibodies (200 ng/well) diluted in PBS. 
The unreacted protein binding sites were blocked by incubating the wells for 
30 min with 1 percent gelatin in TBS (150 yl). 125 I-TNF-a (-10,000 cpm) was 
incubated with a panel of monoclonal antibodies in uncoated microwells. for 16 
hours at 22°C. Test antibodies that were preincubated with 125j j^F-a were 
then incubated for 2 hours at 22°C with antibody coated wells. The wells were 
washed five times with PBS-Tween and the radioactivity bound to each well was 
measured with a gamma counter. 

TNF-a Monoclonal Antibodies Affinity Determination 

The affinity of anti-TNF-a monoclonal antibodies was estimated by the 
method of Muller (30). The radioimmunoassay was performed as follows* The 
antibodies were diluted in 0.6 ml of TBS, 2 mg/ml gelatin. 0.2 ml l2$l-TUF 
(-10,000 cpm), diluted in TBS, 2 mg/ml gelatin containing 1 percent normal 
mouse serum, was added and allowed to incubate for 5 hours at 22°C. Goat 
anti-mouse IgG, diluted in PBS^containing 5 percent PEG 8000 (w/v) was added 
and incubated for 1 hour at 22°C. The tubes were centrifuged at 2500 x g for 
30 min, decanted, and the pellets were counted in a gamma counter. 

Synthetic Peptides 

Peptides were synthesized using a solid phase method as previously 
described (31). 
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RESULTS 



Production of Monoclonal Antibodies 

Initial attempts to immunize mice with small amounts of purified natural 
TNF-a in Freund's adjuvant alone yielded low titers of antibody in both ELISA 
and neutralization assays. However, boosting these animals with TNF-a 
adsorbed onto alum resulted in a large increase in both the serum ELISA and 
neutralization titers. A combination of alum and Freund's adjuvant boosts 
produced an even higher serum titer of neutralizing antibodies. For four days 
prior to fusion, a hyperimmune mouse was boosted daily with recombinant 
TNF-a . This immunization protocol has been shown to yield large numbers of 
hybridomas secreting high affinity antibodies (18,19). Splenocytes from this 
animal were fused with myeloma cells as described in "Materials and Methods". 
The resulting hybridomas were screened for antibody production with 
recombinant TNF-a by ELISA, and by inhibition of cytolytic activity. 
Approximately fifty positive cultures were identified and after cloning by 
limiting dilution, twelve anti-TNF-a clones were isolated and characterized 
(Table 1). 



TABLE 1 

Characteristics of Anti-TNF-a Monoclonal Antibodies* 



Epitope 










Affinity 


Binding 




Neutral- 


Antigen 




Group 


Clone 


izing 


Release Conditions 


Isotype 


L/mole 


I 


5E3-H3 (TNFB) 


+ 


pH 4, 3.5 M KSCN 


Kyi 


io"> 


II 


1A5-E5 (TNFF 


+ 


None 


Kyi 


II 


1B2-G3 (TNFD) 


+ 


None 


Kyi 


II 


5A10-F2 


•+ 


None 


Kyi 


5 x 10 9 
10 , 


II 


2H10-F12 (TNFE) 


+ 


None 


Kyi 


III 


3C4-F7 




pH 4, 1.25 M KSCN, 
3.5 M KSCN 


Km 


N.D. b 


IV 


2G3-G6 


+ 


1.25 M KSCN, 3.5 M KSCN 


Kyi 


N.D. 


IV 


5G2-G5 


+ 


1.25 M KSCN, 3.5 M KSCN 


Kyi 


N.D. 


V 


3F10-H4 (TNFG) 




pH 4, 1.25 M KSCN, 


Kyi 


N.D* 






3.5 M KSCN 






N.T. a 


1E2-G2 (TNFA) 




pH 4, 1.25 M KSCN, 


Kyi 


N.D. 






3.5 M KSCN 






N.T. 


1G2-A2 (TNFC) 


+ 


None 


Kyi 


N.D. 


N.T. 


2B6-G5 




pH 4, 1.25 M KSCN, 


KyI 


N.D. 






3.5 M KSCN 







a N.T., not tested 

b N.D., not determined, preliminary analysis showed the affinity to be 
less than 10 9 L/mole 

* The procedures used to determine neutralizing ability, antigen 

release conditions, isotype and affinity are described in "Materials and 
Methods" . 
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The immunization of several mice with natural TNF-e (25 kDa form) in 
Freund's adjuvant resulted in the production of low titer antibodies that 
reacted in ELISA assays, but failed to neutralize TNF-e biological activity. 
Repeated boosting failed to elicit neutralizing antibodies. In an attempt to 
increase immunogenici ty, TNF-e was polymerized by treatment with 
glutaraldehyde. Mice immunized with polymerized TNF-e in Freund's adjuvant 
produced antiserum against TNF-e with high titers detected by ELISA. However, 
these animals failed to produce neutralizing antibodies until they were 
further boosted with TNF-e adsorbed on alum. Splenocytes were isolated from a 
hyperimmune animal and fused with myeloma cells as described in "Materials and 
Methods". The resulting hybridomas were screened for antibody production with 
natural TNF-e (25 kDa species) by ELISA and for neutralization of biological 
activity. Approximately seventy positive cultures were identified, and after 
cloning by limiting dilution, thirteen ELISA positive clones were isolated and 
characterized (Table 2). 



TABLE 2 

Characteristics of Anti-TNF-e Monoclonal Antibodies* 



Epitope 
Binding 
Group 


Clone 


Neutral- 
izing 


Antigen 
Release Conditions 


Isotype 


Binding to 
recombinant 
16 kDa TNF-e 


I 


2B8-G7 (LTA) 


+ 


pH 4, 1.25 M KSCN, 
3.5 M KSCN 




+ 


I 


1G11-E4 (LTB) 


+ 


pH 4, 3.5 M KSCN 


K n 


+ 


II 


1C4-G6 (LTC) 




3.5 M KSCN 






II 


1F12-G4 




3.5 M KSCN 




II 


2E10-H1 




3.5 M KSCN 


K n 




II 


2F12-F4 




3.5 M KSCN 


K n 




II 


2G2-F7 




3.5 M KSCN 






II 


3B5-H5 




3.5 M KSCN 




II 


2A9-E8 




3.5 M KSCN 






III 


1D9-E11 (LTD) 




3.5 M KSCN 




+ 


III 


2D9-B1 




3.5 M KSCN 


Kp 


+ 


III 


4E12-H9 




3.5 M KSCN 


K Yl 


+ 


III 


4H8-G8 




3.5 M KSCN 


K Tl 


+ 



* The procedures used to determine neutralizing ability, antigen release 
conditions, isotype and binding to 16 kDa TNF-e are described in 
"Materials and Methods". 
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Characterization of Monoclonal Antibodies 



Various monoclonal antibodies were tested for binding to TNF-a and TNF-B 
by ELISA, and for neutralization of cytolytic activity. Both natural and 
recombinant TNF-a exhibit an apparent molecular weight of 17 kDa on SDS-PAGE 
gels (11). In EL ISA assays, all of the anti-TNF-a monoclonal antibodies bound 
equally well to natural and recombinant TNF-a, but did not bind to recombinant 
murine TNF (32). The failure of monoclonal antibodies produced against human 
TNF-a to react with TNF from other species has been observed by others (33). 
Four different clones produced high affinity antibodies which ranged in 
affinity from 10 10 to 5 x 10 9 L/mole (Table 1). Most of the high affinity 
antibodies could bind to TNF-a at high and low pH and in the presence of 3.5 M 
KSCN (Table 1). Eight of the twelve monoclonal antibodies could completely 
neutralize TNF-a activity (Table 1). The best neutralizing monoclonal 
antibody, clone 109-E11, had a neutralization titer of 2700 units TNF-a 
neutral ized/yg of purified IgG. The neutralizing antibodies required an 
incubation of antigen and antibody for 1 hour at 37°C or 16 hours at 4°C to 
completely neutralize TNF-a cytolytic activity. None of the TNF-a specific 
monoclonal or polyclonal antibodies either neutralized or bound to TNF-B, even 
when tested at concentrations greater than one hundred times the amount 
required to show neutralization or binding to TNF-a. 

In contrast to TNF-a, natural TNF-B, from mitogen stimulated lymphocytes 
or RPMI 1788 cells, is glycosylated and exists as 25 kDa and 20 kDa forms 
(9-10). The 20 kDa form is a truncated version of the 25 kDa TNF-e and lacks 
twenty-three amino acids from the amino terminus (10). When produced in 
IE. coli , the 25 kDa and 20 kDa forms of TNF-B lack glycosyl ation and exhibit 
molecular weights of 18 kDa and 16 kDa, respectively on SDS-PAGE (12). 
Natural and recombinant forms of full length and truncated TNF-B are 
biologically active in cell lysis bioassays (10,12). All of the anti-TNF-3 
monoclonal antibodies bound to natural 25 kDa and recombinant 18 kDa TNF-B 
equally well in ELISA assays, indicating that none of the antibodies produced 
were specific for a carbohydrate moiety. Seven of the thirteen monoclonal 
antibodies did not bind 16 kDa TNF-B, and were specific for the 18 kDa form, 
suggesting that these antibodies are specific for the amino terminus of TNF-B 
(Table 2). Two clones were isolated that produced neutralizing antibodies 
(Table 2). These antibodies could neutralize the activity of the recombinant 
18 kDa as well as recombinant 16 kDa TNF-B. Monoclonal antibody, clone 
1G11-E4, had a neutralization titer of 550 units TNF-a neutral ized/ug of 
purified IgG. Clone 2B8-G7 was substantially less, and could only neutralize 
about 40 percent of the TNF-a activity even when used at high concentrations. 
The neutralization of TNF-e cytotoxic activity was time and temperature 
dependent, and was maximal after an incubation for 16 hours at 37°C. Only a 
partial neutralization of biological activity was observed after incubation 
with TNF-B for 16 hours at 4°C or for 1 hour at 37°C even with an excess of 
antibody. Anti-TNF-B monoclonal and polyclonal antibodies neither bound nor 
neutralized TNF-a, even when tested at concentrations greater than one hundred 
times the amount necessary to show binding or neutralization of TNF-e. 

Epitope Mapping of TNF-a and TNF-e Using Monoclonal Antibodies 

The number of distinct TNF-A antigenic epitopes, defined by the panel of 
monoclonal antibodies, was determined by ELISA using an antibody competition 
method as described in "Materials and Methods". Five epitopes were 
identified, three of which reacted with neutralizing antibodies, Anti-TNF-a 
monoclonal antibodies were categorized into five groups based on their binding 
to these epitopes as shown in Table 1. Members of both groups I and II are 
neutralizing antibodies, and can bind simultaneously to TNF-a. Group III 
consists of one non-neutralizing antibody that partially inhibits the binding 
of neutralizing group I antibodies. Group IV consists of neutralizing 
antibodies that partially inhibit neutralizing group II antibodies. Finally, 
group V consists of one antibody that is non-neutralizing, does not affect 
group I or II binding and can react with denatured TNF-a on western blots. It 
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is interesting to note that all of the members of an epitope binding group 
have the same antigen release conditions (Table 1). These conditions are 
probably determined by the nature of the antigen-antibody interaction and may 
be similar for all antibodies binding to a given epitope. 

Radiolabeled TNF-e did not bind well to several anti-TNF-e monoclonal 
antibodies in radioimmunoassays or solid phase antibody binding experiments, 
although greater than 90 percent of the labeled TNF-e could be precipitated* by 
polyclonal antibodies. The lack of binding, probably a result of damage or 
alteration of the antigen binding sites by the iodination reaction, or because 
the anti-TNF-e antibodies exhibited low affinity binding, precluded the same 
epitope binding analysis performed using anti-TNF-a monoclonal antibodies. It 
can be inferred, however, that the panel of anti-TNF-B monoclonal antibodies 
bind to at least 3 antigenic epitopes (Table 2). Group I consists of two 
neutralizing antibodies, group II, antibodies that react with 18 kDa TNF-e but 
not 16 kDa TNF-e, and group III, antibodies that react with both forms of 
TNF-e but fail to neutralize biological activity. 

Cross-Reactivity of Monoclonal Antibodies with Synthetic Peptides 

In an attempt to define the active sites of TNF-a and TNF-e and to 
precisely define their antigenic domains, we examined several synthetic 
peptides for their reactivity with anti-TNF monoclonal antibodies. The 
peptides correspond to some of the regions of homology between TNF-a and 
TNF-e, and one peptide corresponds to the amino terminal region of TNF-e which 
has been reported to be non-essential for cytolytic activity (11). The 
relationship of these peptides to TNF-a and TNF-e is shown in Figure 1. None 
of the monoclonal antibodies cross-reacted with any of the TNF-a peptides, 
residues 1-14, 1-30, 15-30 and 39-66 or with the TNF-e peptides, residues 
35-57, 82-94 and 139-155. A group of seven different antibodies cross-reacted 
with a TNF-e peptide, residues 7-19. All of these antibodies were 
non-neutralizing and were specific for recombinant 18 kDa TNF-e and did not 
bind to the recombinant 16 kDa form (Table 2), providing further evidence that 
the amino terminus of TNF-e is not involved in biological activity. 
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FIGURE 1. Schematic Diagram of TNF-a and TNF-e Proteins Showing 
Homologous Regions and the Location of Synthetic Peptides. The TNF-a and 
TNF-e proteins are represented by the horizontal black bars and are 
numbered by amino acid starting from the amino terminal ends. The hatched 
region of TNF-e represents the N-terminal 23 amino acids that are missing 
in the 20 kDa natural and 16 kDa recombinant molecules. The vertical 
lines between two bars represent homologous amino acids. Synthetic 
peptides are represented by open boxes and their position corresponds to 
the sequence as indicated. 
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Characterization of Monoclonal Antibodies by Immunoblot 



Various monoclonal antibodies were examined for their binding to 
SDS-denatured TNFs using the immunoblot technique (25). A single TNF-a 
specific antibody and seven anti-TNF-e antibodies were identified that could 
bind to denatured recombinant TNF-a or TNF-B, respectively (Fig. 2). The 
anti-TNF-a antibody (3F10-H4) did not cross-react with any of the TNF-a 
synthetic peptides, was non-neutralizing and bound to a unique epitope of 
TNF-a that was not cross-reactive with any of the other TNF-a specific 
antibodies (Table 1). The anti-TNF-B antibodies all shared the same 
specificity. These antibodies were specific for the ami no- terminus of 
recombinant 18 kOa TNF-B (Table 2), cross-reacted with the TNF-a synthetic 
peptide, residues 7-19 and were non-neutralizing. These results indicate that 
many of the anti-TNF monoclonal antibodies, including all of the neutralizing 
antibodies, probably bind to discontinuous epitopes which are disrupted by 
treatment with SOS. Because these neutralizing antibodies recognize a precise 
conformation, it is unlikely that they can react with inactive TNFs. 
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FIGURE 2. TNF Immunoblots Probed with the Monoclonal Antibodies 
Recombinant TNF-a reacted with antibody 3F10-H4 (A). Recombinant 18 kDa 
TNF-6 reacted with antibody 1C4-66 (B) (All of the monoclonal antibodies 
that were specific for 18 kDa TNF-B gave results identical to 1C4-G6). 
The positions of the TNF-a and TNF-B bands are shown by the arrows 
designated 17 and 18, respectively, which indicate the estimated molecular 
weight in daltons x 10~^. 



Immunoaff inity Purification of TNF-a and TNF-B 

Two monoclonal antibodies, clone 5E3-H3 and clone 1G11-E4, were chosen for 
the immunoaff inity purification of TNF-a and TNF-B, respectively. Both 
antibodies were neutralizing, and their binding to antigen could be reversed 
using conditions that did not destroy the biological activities of TNF-a or 
TNF-B. As shown in Figure 3, 5E3-H3 antibodies exhibit reduced affinity for 
TNF-a below pH 4.5, whereas 1G11-E4 antibodies show reduced binding below pH 
6.0 or above pH 9.5. Immunoadsorbents were prepared by coupling purified 
monoclonal antibodies to cyanogen bromide activated Sepharose as described in 
"Materials and Methods". About 90 percent of the antibodies were bound to the 
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FIGURE 3. The Effect of pH on the Binding of 5E3-H3 Antibodies to TNF-a 
(A) and 1G11-E4 Antibodies to TNF-b (B). The binding was measured by 
ELISA as described in "Materials and Methods". Percent binding is 
relative to the binding at pH 7.4 which represents 100 percent. 

gel and the immobilized antibodies retained 50 percent of their theoretical 
antigen binding capacity. 

The anti-TNF-a monoclonal antibody column provided a substantial 
purification of recombinant TNF-a in a single chromatographic step. A tvoical 
purification profile is shown in Figure 4(A). Prior to immunoaff inity 
chromatography, TNF-a was partially purified from E. coli cell lysates by 
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FIGURE 4. Irnmunoaffinity Column Chromatographic Profiles for TNF-a (A) 
and TNF-b (B). A column of anti-TNF-a (antibody 5E3-H3) Sepharose (4.5 x 
1.6 cm) was loaded at a flow rate of 9.5 cm/hr with 0.5 ml of a 50 percent 
saturated ammonium sulfate fraction of an E. coli lysate containing 
recombinant TNF-a. The column was washed at TTTow rate of 19 cm/hr with 
TBS containing 0.05 percent Tween 20 (wash I) and then TBS alone (wash 
II). Bound TNF-a was eluted at a flow rate of 9.5 cm/hr with 0.15 M NaCl 
50 mM Na acetate, pH 4.5, and 2 ml fractions were collected into 0.2 ml 1M 
tris, pH 8.5. A column of anti-TNF-B (antibody 1G11-E4) Sepharose (9 3 x 
1.6 cm) was loaded with 5 ml of a 40 percent saturated ammonium sulfate 
traction of an E. coli lysate containing recombinant TNF-B. The washes 
and elution conditions are the same as those used for TNF-a. The activity 

,° f ooo e p Vn 1 f ie< ? TNF " a dnd TNF ~ B factions was measured using a standard 
L-929 cell lysis assay. 3 
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precipitation with ammonium sulfate and the reconsTi tuted precipitate was 
filtered. This pretreatment prevented the accumulation of a colored material 
on the immunoaffinity column and prevented clogging. Dialysis of the 
dissolved ammonium sulfate precipitate was not necessary. When this crude 
bacterial extract fraction was loaded on the antibody column, most of thie 
E. coli proteins passed through, and all of the TNF-a activity was retained. 
The addition of 0.05 percent Tween 20 in the column washes was necessary to 
remove minor contaminants that adsorbed non-specif ical ly to the column 
matrix. The bound TNF-a was eluted from the column using a pH 4.5 buffer. We 
found that TNF-a and TNF-B are not stable at pH 4.5 for more than a few hours 
at 22°C, therefore, the eluted fractions were collected into 1/10 volume of 1M 
Tris pH 8.5 to adjust the pH of the eluted TNF-a to 7.8 in. order to insure the 
stability of biological activity. Immunoaffinity purified TNF-a was greater 
than 98 percent pure by SDS-PAGE (Fig. 5) and had a specific activity of 2.9 x 
10' cytolytic units/mg (Table 3), which is in good agreement with the value 
of 3.0 x 10? units/mg obtained for TNF-a purified from natural resources by 
conventional chromatography (11). In a single chromatographic step, TNF-a 
could be purified 21-fold f rom _E. coli lysates (Table 3). 

The anti-TNF-B monoclonal antibody column could be used to purify both 
forms of recombinant TNF-B. The purificatic-h protocol used for TNF-B was 
essentially the same as that used for TNF-a. A typical chromatographic 
profile of a TNF-B purification (18 kDa form) is shown in Figure 4(B). 
Immunoaffinity purified 18 kDa TNF-B was greater than 99 percent pure by 
SDS-PAGE and had a specific activity of 3.9 x 10' cytolytic units/mg 
(Table 3), compared with 4.0 x 10 7 units/mg reported for TNF-B purified from 
natural sources by conventional chromatography (9). In comparison to a 
typical TNF-a immunoaffinity purification of 21-fold, TNF-B was purified 
285-fold from E. coli lysates (Table 3). This difference is due to the 
relatively higher purity of the TNF-a starting material (Fig. 5). An 
anti-TNF-B column was used over twenty-five times without any detectable loss 
in capacity or any change in the purity in the eluted TNF-B * This result 
indicates that no leaching of immobilized antibody was detected, and that the 
mild elution conditions used did not damage the antibody binding activity. 



A BC D 



Mr (X10' 3 ) 

94.0- 
67.0- 

43.0- I 



30.0- 



20.1 - \m& 



14.4- 



FIGURE 5. Analysis of Immunoaffinity Purified TNFs by SDS-PAGE. 100 vg 
of TNF-B immunoaffinity column load (lane A), 2 yg of immunoaffinity 
purified TNFb (lane B), 25 y g of TNF-a immunoaffinity column load (lane 
C), 2 M g of immunoaffinity purified TNF-a (lane D). The samples were run 
on a 12 percent polyacryl amide gel under reducing conditions and stained 
with Coomassie Blue R-250. By laser densitometry, the purity of 
immunoaffinity purified TNF-a and TNF-B was. determined to be greater than 
98 percent and greater than 99 percent, respectively. 
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TABLE 3 

Immunoaff inity Purification of Recombinant TNF-a and TNF-B 



Procedure 


Protein a 


Activi ty b 


Specific 
Activity 


Yield 


Purifi- 
cation 




mg 


units 7 
x 10"' 


units/mg 
x 10~ 6 


Percent 


-fold 


TNF-a 

E. coli lysate 
ITO percent saturated 
ammonium sulfate 
precipitation 


52 
18 


7.1 
7.1 


1.4 
3.9 


100 
100 


1 

2.9 


Antibody (TNFB) 
Sepharose 


1.4 


4 . 1 




0 I . / 


cl .4 


TNF-8 

E. coli lysate 
40 percent saturated 
ammonium sulfate 
precipitation 


220 
66.5 


3.0 
3.0 


0.14 
0.45 


100 
100 


1 

3.3 


Antibody (LTB) 
Sepharose 


0.9 


3.5 


39.0 


117 


285 



The protein concentration was determined by the method of Bradford (26). 
Activity was determined using an L-929 cell cytolysis assay (11). 



Assay of TNF-a and TNF-B Using Specific EL ISA Assays 

Specific double sandwich EL ISA assays were developed for both TNF-a and 
TNF-B . Purified neutralizing monoclonal antibodies, anti-TNF-a clone 1B2-G3 
or anti-TNF-B clone 1G11-E4, were adsorbed to plastic microELISA wells and 
utilized to specifically bind TNF in the sample solution. A combination of 
rabbit polyclonal anti-TNF-a or anti-TNF-e antibodies and HRP conjugated 
anti-rabbit IgG was then used to detect bound antigen. After incubation with 
a o-phenylenedi amine substrate solution, the absorbance of each well was 
measured with an automated plate reader and a desktop computer was used for 
data reduction. Typical standard curves for a TNF-a and a TNF-B EL ISA are 
shown in Figure 6. Both assays had useful ranges of about 0.4 to 25 ng/ml 
TNF. The specificity of each assay was demonstrated by the lack of any signal 
generated by 30 vg/ml of TNF-B in a TNF-a EL ISA or by 30 w g/ml TNF-a in a 
TNF-a ELI SA. y 

To compare the results obtained from TNF-a and TNF-B ELISA assays with 
the bioassay, we measured TNF levels in column fractions from typical 
immunoaffinity purifications of TNF-a and TNF-b using both types of assays 
(Fig. 7). The ratio of bioactive to immunoreactive TNFs i.e., the specific 
activity, of all of the TNF-a and TNF-B fractions was relatively constant. 
The values for the specific activities of TNF-a and TNF-B obtained by this 
method were 1.7 ± 0.34 x 10' units/mg and 3.0 ± 1.0 x 10' units/mg, 
respectively. This result demonstrates that there was no significant 
difference in the levels of TNF-a and TNF-B measured by ELISA or by 
bioassay, and that the ELISA assays probably only detect bioactive TNFs. 



DISCUSSION 



In this report, we described the production, characterization, and 
application of specific monoclonal antibodies against two very similar 



502 




1.56 3.12 6.25 12.50 

Concentration, ng/ml 



25.00 



FIGURE 6, Typical Standard Curves for a TNF-a ELI SA (A) an J 

(B) . Open circles represent TNF-a and closed circles / e P r ^f n ^fT e : ss U a ; 

to 30 pg/ml of either TNF-a or TNF-e failed to react in a reciprocal assay. 
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FIGURE 7 Comparison of EL ISA Assays with a Standard L-929 Cell Lysis 
Assay. Fractions from- a typical TNF-a (A) or TNF-B (B) immunoaff ini ty 
chromatography purification assayed by EL ISA and by bioassay. 
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cytokines, TNF-a and TNF-s . Monoclonal antibodies, as well as rabbit 
polyclonal antibodies, were highly specific and showed no cross reactivity 
between these cytolytic proteins. This indicates that despite the fact that 
these cytokines share substantial amino acid identity, and bind to, the same 
cell surface receptor, their antigenic epitope structures are quite 
different. We isolated three types of neutralizing anti-TNF-a monoclonal 
antibodies that bound to distinct antigenic epitopes, including two classes 
of neutralizing antibodies that could bind simultaneously. These results 
indicate that TNF-a biological activity is probably not neutralized by 
antibodies binding to a unique active site, but probably by interfering with 
the binding of TNF to its cell surface receptor. Non^neutralizing 
monoclonal antibodies also failed to cross react with both TNF-a and TNF-0, 
demonstrating that despite their high degree of homology, no antigenic 
epitopes are shared between these cytokines or that antibodies to shared 
epitopes are simply rare. We attempted to define the active sites and the 
antigenic epitopes of TNF-a and TNF-B using synthetic peptides. Most of the 
antibodies that were isolated were conformation specific, and it was not 
possible to identify TNF antigenic epitopes by this approach. However, 
several anti-TNF-s monoclonal antibodies were identified that reacted with 
ami no-terminal sequences of TNF-B that were not required for biological 
activity. This region may represent the most immunogenic epitope of TNF-s 
and explain our difficulty in raising neutralizing antibodies in mice. 

Various monoclonal antibodies were used to purify milligram quantities 
of TNF-a and TNF-B, eliminating the need for complicated multi-column 
procedures. These antibodies were selected because they were neutralizing, 
and, therefore, likely to bind only to active TNFs, and had reduced affinity 
for TNFs under acidic conditions that did not destroy cytolytic activity. 
By using these mild elution conditions, the immunoaf f ini ty columns could be 
reused many times with no change in performance. A TNF-3 specific column 
was used to purify both recombinant 18 kDa 16 kDa TNF-B- It is likely that 
this method can be used to purify other engineered variants of recombinant 
TNFs, eliminating the need for a new purification process for each variant. 

TNF monoclonal and polyclonal antibodies were used to develop sensitive 
sandwich EL ISA assays. The TNF ELISA assays were as sensitive as the 
bioassay, but the ELISA assays could discriminate between TNF-a and TNF-s, 
which the bioassay cannot, and were faster and easier to perform than the 
bioassay. 

The monoclonal antibodies to both TNF-a and TNF-s described here should 
prove to be useful in the study of the mechanisms; of action of these 
cytokines. Sensitive ELISA assays can be used to identify and quantitate 
TNFs and neutralizing antibodies can selectively neutralize TNF cytolytic 
activity in in vitro systems, isolating the effects of TNFs from 
interferons, lymphokines, and other effector molecules. Recently, several 
biological activities besides tumor cell killing have been ascribed to tumor 
necrosis factors. For example, TNF-a has been shown to be anti-parasitic 
(34) and anti-viral (35,36), and it may play a role in cachexia (37), 
endotoxic shock (38) and inflammation (39). Both TNF-a and TNF-s can cause 
bone resorption in vitro (40). The observation that myeloma cell lines can 
produce TNF-s has led to the speculation that TNF-s may be involved in the 
bone destruction often seen in myeloma : patients (40) . It is not known 
whether all of these activities are mediated by TNF binding to the same cell 
surface receptor. Although, it has been shown that neutralizing TNF-a 
specific monoclonal antibodies can also inhibit the action of TNF-a on 
lipoprotein lipase activity in adipocytes. This enzyme is thought to play a 
key role in cachexia. The availability of monoclonal antibodies against 
several epitopes of both TNF-a and TNF-s may help to clarify this issue. In 
addition, the role of TNFs under normal physiological conditions, in tumor 
killing and under pathological conditions is not yet understood. Specific 
ELISA assays that can identify and quantitate TNFs will aid in elucidating 
the role of TNFs in normal and disease states. Finally, neutralizing 
anti-TNF monoclonal antibodies may be able to block the side effects of TNF 
in vivo providing a specific therapy for TNF mediated disorders. 
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ABBREVIATIONS: BSA, bovine serum albumin; CFA, complete Freund s adjuvant; 
DMEM, Dulbecco's modified Eaglet minimal essential medium; EDT A, 
ethylenediaminetetraacetate; ELISA, enzyme-linked immunosorbent assay; hBb, 
fetal bovine serum; HEPES, N-2-hydroxyethylpiperazine-N '-2-ethanesulfonic 
acid; HRP , horseradish peroxidase; ID, intradermal ly; IM, intramuscular ly; 
IP, interperitoneally; IV, intravenously; I FA, incomplete Freund s adjuvant; 
LT, lymphotoxin; NZW, New Zealand white; PEG, polyethyleneglycol ; PBS, 
phosphate buffered saline; SDS-PAGE, sodium dodecyl sulf ate-polyacryl amide 
gel electrophoresis; SC, subcutaneously; TBS, tris buffered saline; TNF, 
tumor necrosis factor. 
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RG. 3 Direct sequencing of the parents of the affected individual in family 
BOS22. PCR-amplified DNA was purified and asymmetrically amplified. The 
resulting single-stranded DNA was sequenced with the CF-17 primer. The 
sequence for the mother (no. 291) matches that of the father (no. 292) and 
the published sequence up to the T residue (position 2,566). Beyond this 
point the sequence is a mixture of the two alleles owing to an AT Insertion. 
METHODS. DNA amplified with primers CF-8 and CF-17 was electrophoreses 
on a nondenaturtng poiy aery I amide gel. The product was excised from the 
gel and soaked in 100 jj-t water for 1 h at 65 °C. Eluted DNA (5 p.1) was 
reampllfied with a 50-fold dilution of primer CF-17 for 40 cycles. The amplified 
DNA was purified with a Centricon 100 column (Amicon) and sequenced 
with Sequenase (USB) using dITP and ^-labelled dATP. 
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whereas the other carrier sibling had borderline values at 6-7 
years of age (49-50 mi 1H equivalents Cl~) that decreased to 
normal levels (38 millicquivalents CI") at 8 years of age. The 
mother had a normal sweat-test value. The difference in sweat- 
test values among these individuals could be due to environ- 
mental factors or innaccuracies in the sweat test, or reflect 
additional genetic control over ion transport in the sweat duct. 
In either case, a more detailed characterization of ion transport 
and regulation in these individuals should provide insight into 
these processes. 

The CFIns2566 allele is due to the addition of an ATdinucleo- 
tide into a short segment (8 bp) of AT dinucleotides. Dinucleo- 
tide repeats are hotspots for mutations 19,20 . Although principally 
CA repeats have been examined, polymorphic AT repeats have 
also been characterized. A search of the primate sequences in 
the computerized database GenBank revealed >50 sequences 
containing AT repeats that were of 22 bp or more (M.D., data 
not shown). The mechanism for generating new alleles at these 
loci is not understood, but could involve unequal crossing-over 
or errors in replication. Examination of new alleles at other 
tandemly repeated loci, however, indicates that more complex 
mechanisms could be involved 21 . 

The identification of all of the mutations that cause CF is 
essential for complete detection and diagnosis of the disease. 
Although the CFlns2566 allele seems to be rare, the identi- 
fication of this mutation provides some important insights. First, 
all of the CF mutations do not lie in the same exon, implying 
that complete detection will probably require examination of 
several regions of the gene. Second, frame-shift and other null 
mutations might not be uncommon. The most likely explanation 
for the failure so far to find such mutations in the CF gene is 
that individuals homozygous for the loss of gene function do 
not survive. If carriers for termination mutants are healthy, there 
would be no selection against such alleles; these alleles would 
only appear in CF individuals, however, when balanced by a 
less severe allele. Frame-shift mutations could occur in virtually 
any region of the gene, making CF diagnosis difficult. 

The continued identification of mutations in the CF locus is 
expected to help elucidate which regions of the CFTR are 
functionally important. Also, examination of the effects of these 
mutations in the allelic combinations in which they naturally 
occur should greatly increase our understanding of the function 
of the CFTR gene and its role in disease. □ 
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Molecular fusions of CD4, the receptor for human 
immunodeficiency virus (HIV; refs 1-4), with immunoglobulin 
(termed CD4 immunoadhesins) possess both the gpI20-binding 
and HlV-btocking properties of recombinant soluble CD4, and 
certain properties of IgG, notably long plasma half-life and Fc 
receptor binding 5 " 6 . Here we show that a CD4 immunoadhesin can 
mediate antibody-dependent cell-mediated cytotoxicity (ADCC) 
towards HIV-infected celts, although, unlike natural anti-gpl20 
antibodies, it does not allow ADCC towards uninfected CD4- 
expressing cells that have bound soluble gp!20 to the CD4 on 
their surface. In addition, CD4 immunoadhesin, like natural IgG 
molecules, is efficiently transferred across the placenta of a pri- 
mate. These observations have implications for the therapeutic 
application of CD4 immunoadhesins, particularly in the area of 
perinatal transmission of HIV infection. 

We have previously described CD4 immunoadhesins contain- 
ing the first two immunoglobulin-like domains of CD4 joined 
to the entire constant region of human IgGl heavy chain 5 . As 
the presence of light chain was found to be unnecessary for 
secretion of dimeric molecules 5 , we constructed additional 
derivatives lacking the CHI domain of the IgGl heavy chain 
(Fig. 1). The gpl20-binding and Fc receptor-binding properties 
and the improved half-life characteristics of this molecule were 
comparable to the CD4 immunoadhesin containing the CHI 
domain (not shown). 

As CD4 immunoadhesin binds Fc receptors, we examined 
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TABLE 1 Placental transfer of rCD4 and CD4-fgG in pregnant rhesus monkeys 







Concentration (ng ml -1 ) in 












maternal serum 


Concentration (ng ml *) in 


Infant/maternal 


Rhesus monkey 


Protein 


Mean 


Range 


newborn serum 


concentration ratio 


1 


CD4-lgG 


489 


(276-673) 


15.2 


3.1% 


2 


CD4-lgG 


217 


(155-301) 


7.6 


3.5% 


3 


rCD4 


682 


(360-820) 


1.1* 


0.16% 


4 


rCD4 


437 


(205-504) 


<0,8 


<0.18% 



Four pregnant rhesus monkeys at 150-160 days gestation (normal gestation period 160-170 days) received a loading dose of CD4 immunoadhesin 
(C04-lgG) or rCD4 by rapid intravenous injection followed by continuous infusion for 24 h; the infants were delivered by caesarian section. Blood was 
obtained from the mother after 1 min and after 4, 8, 12, 16, 20 and 24 h of infusion and from the infant and cord blood at the time of delivery. For maternal 
dosing and blood sampling, catheters were placed into a femoral vein and artery under general anaesthesia 24 h before the start of the study. After 
catherization the animals were placed Into jackets, and no additional anaesthesia was given. Animals received the loadfng dose of drug as an intravenous 
bolus into the femoral vein catheter over 5 s followed by saline flush to dear the catheter of drug. The infusion was started immediately thereafter. For 
CD4 immunoadhesin, a 0.135 mg kg" 1 loading dose was given, followed by 1.12 mg kg -1 over 24 h; for rCD4. a 0.135 mg kg" 1 loading dose was given, 
followed by 28 mg kg -1 over 24 h. Serum concentrations of each protein were determined by double antibody enzyme-linked immunosorbent assays (EL1SA) 
each using monoclonal antibody Leu3a (Becton-Oickinson). As this antibody recognizes the gpl20 binding domain of C04, the assays thus detect 
CD4-containlng molecules still capable of binding gpl20. To measure rCD4 concentration, Leu3a in 0.05 M carbonate buffer, pH9.6, was used to coat 
96- well microtltre plates overnight at 4 °C. After three washes with PBS containing 0.05% Tween 20 (PBS-Tween). plates were blocked for 1 h at room 
temperature with EL1SA diluent (PBS containing 0.5% BSA. 0.05% Tween 20 and 0.01% thimerosaJ). rCD4 standards and samples diluted in rhesus serum 
were Incubated for 2h, and plates were washed again with PBS-Tween. For detection of rCD4, monoclonal antibody 0KT4 (Ortho) was conjugated to 
horseradish peroxidase (HRP, Boehrlnger Mannheim) by the perlodate method 18 . After appropriate dilution in EUSA diluent, the conjugated antibody was 
incubated for 1 h at ambient temperature. Orthophenylene diamine dihydrochloride (Sigma), 2.2 rrtM in 0.05 M sodium phosphate/0.1 M citrate buffer. pH 5.0, 
containing 0.01% , was used as a substrate for 20-30 min at room temperature. Reactions were stopped with 4.5 N H^SO A and pfates were read at 
492 nm. Data were reduced using a four-parameter curve-fitting program 20 . The range for this assay was 0.8 to 25 ng ml" 1 . For the measurement of CD4 
Immunoadhesin, the same procedure was used, except that Leu3A was conjugated to HHP and used for detection; monoclonal antibody L104.5 (provided 
by B. Fendly. Genentech). which recognizes domain 2 of rC04, was used for antigen capture. The range for this assay was 0.19 to 12.0 ng ml" 1 . 



whether it could mediate ADCC towards HIV-infected cells by 
human peripheral blood mononuclear cells. Indeed, CD4 
immunoadhesin mediates ADCC towards HIV-infected, but not 
uninfected, CEM human T-lymphoblastoid cells in a dose- 
dependent manner (Fig. 2a and 6). Soluble recombinant (rCD4) 
does not mediate ADCC (not shown), but can inhibit cell lysis 
mediated by CD4 immunoadhesin (Fig. 2a), demonstrating that 
speciSc binding to gp!20 by CD4 immunoadhesin is essential. 

It has been suggested that ADCC in AIDS patients may be 
a mechanism of pathogenesis rather than protection 7 , as soluble 
gp!20, by binding to healthy CD4-expressing 'bystander* cells, 
can make such cells targets for ADCC, mediated by the ami- 
gpl20 antibodies found in HIV-infected individuals. In contrast 
to natural anti-gpl20 antibodies, CD4 immunoadhesin does not 



mediate killing of uninfected CEM cells preincubated with 
soluble gpl20 (Fig. 2b). A likely explanation is that CD4 
immunoadhesin, unlike natural anti-gpl20 antibodies, cannot 
bind gpl20 already bound to cell-surface CD4, because soluble 
gpl20 is thought to have only one CD4-binding site. 

An increasing number of paediatric AIDS patients are infected 
in utero by transmission from the mother 8 . As natural IgG 
molecules are selectively transported across the placenta of 
primates in an Fc receptor-dependent manner, we tested whether 
CD4 immunoadhesin shared this property. Pregnant rhesus 
monkeys near to term were given a bolus dose of either rCD4 
or CD4 immunoadhesin, then were continuously infused to a 
relatively constant concentration for 24 h before delivery by 
caesarian section. Serum concentrations were determined by 



CD4 



CD4 Immunoadhesin 



Soluble rCD4 



1 J (2 



lgG1 Heavy chain 




FIG. 1 Structure of CD4 immunoadhesin, soluble rCD4 and the parent human 
C04 and IgGl heavy chain molecules. CD4- and IgGl-derlved sequences are 
indicated by shaded and unshaded regions, respectively. The immuno- 
globulin-! Ike domains of CD4 are numbered 1-4; TM and CYT refer to the 
transmembrane and cytoplasmic domains. Soluble rCD4 is truncated after 
proline 368 of the mature C04 polypeptide 1 *. The variable (VH) and 
constant (CHI. hinge, CH2, and CHS) regions of IgGl heavy chain are shown. 
Oisulphide bonds are indicated by S-S. C04 immunoadhesin consists of 




A s-s / ^ S-S ^~ 



-Fc domain - 



residues 1-180 of the mature CD4 protein fused to IgGl sequences begin- 
ning at aspartic acid 216 (taking amino acid 114 as the first residue of the 
heavy chain constant region 15 ) which is the first residue in the IgGl hinge 
after the cysteine residue Involved In heavy-light chain bonding. The CD4 
immunoatfiesin shown which lacks a CHI domain, was derived from a 
CHI-containing CD4 immunoadhesin 5 by oligonucleotide-directed deletional 
mutagenesis 1 . expressed In Chinese hamster ovary cells and purified to 
>99% purity using protein A-Sepharose chromatography as described 9 . 
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immunoassay at various times in the mother and in the newborn 
within 5 min of birth. The concentration of CD4 immunoadhesin 
in fetal serum was >3% of the maternal level after 24 h (Table 
1), indicating a significant rate of placental transfer. By contrast, 
rCD4 did not accumulate in the fetal serum to a significant 
extent. This is most probably due to lack of active transport 
across the placental barrier, although it is possible that transfer 
would not be detected owing to the shorter half-life of rCD4 
(ref. 5). 

Although the rate at which a protein appears in the fetal 
circulation cannot be directly translated into a rate of placental 
transfer, because the rate of degradation of the protein in the 
fetus is unknown, comparisons can be made with the appearance 
rate of human antibody in classical human experiments. Dancis 
et al 9 gave radioiodinated human y- globulin to women in their 
third month of pregnancy before abortion of the fetus, and 
observed a concentration in the fetus that was 2.8% of maternal 
levels after 18-24 h. Simiarly, Gitlin et aL 10 gave women who 
were nearly to term a single intravenous injection of radioiodi- 
nated -y- globulin up to 4 weeks before birth and observed an 
increase in the infant plasma concentration of —3% of maternal 
level per day. Thus the rate of appearance of CD4 immunoad- 
hesin in a primate fetus is close to that of normal human IgG 
in humans. 

CD4-based strategies have an important theoretical advantage 



over other AIDS therapeutics, as HIV must bind CD4 to be 
able to infect its cellular target (the T4 cell) specifically. Soluble 
CD4 derivatives have thus been developed with two objectives: 
to block gpl20-mediated events such as the spread of viral 
infection, formation of syncytia and binding of gpl20 to unin- 
fected 'bystander 1 cells, and to use CD4 as a targeting agent to 
direct a cytotoxic agent to HIV-infected cells (for example, 
CD4-ricin , CD4-pseudomonas exotoxin 12 ). Here we have 
shown that CD4 immunoadhesin can direct the killing of HIV- 
infected cells, as well as blocking gpl20-mediated events 5,6 . 
Significantly, CD4 immunoadhesin, unlike natural anti-gpl20 
antibodies, cannot kill CD4-expressing bystander cells coated 
with soluble gpl20. 

The fetal acquisition of passive immunity in humans is medi- 
ated by selective placental transfer of maternal IgG. As CD4 
immunoadhesin snares this property, passive immunity to HIV 
could be established in the fetus by maternal administration, 
possibly preventing perinatal transmission of infection. The 
mechanism underlying selective transport of IgG involves bind- 
ing to Fc receptors on the apical surface of the syncytiotropho- 
blast, resulting in protected endocytotic transport u . The fact 
that this, and so many other different properties of IgG, can be 
conferred on CD4 by the addition of an Fc region suggests that 
such functions could be acquired by any adhesion molecule 
capable of being linked to Fc in place of the Fab sequences 




rCD4-lgG 0.001 0.01 0.1 1 1 1 

- 1 10 
ILQ ml* 1 



rCD4 - - 



RG. 2 Antibody-dependent cell -mediated cytotoxicity (ADCC) shown by C04 Immuno- 
adhesin. CEM T4ymphoblastoid target cells were labelled with 01 Cr. Incubated with C04 
Immunoadhesin, rCD4, serum, or control media for 30 min. and mixed with peripheral 
blood mononuclear cells (P6MC), as effector ceils, at an effector-to-target ratio of 
50:1. The cell mixtures were Incubated for 20 h at 37 *C, and the cell-free supernatant 
was collected and assayed for "Cr released from target ceils, a Lysis of WV-l-tnfected 
CEMgNKR target cells by effector ceils in the presence of COM irTrmunoadhesin at 0.001 
(lane a). 0.01 (lane b). 0-1 (lane c) and 1.0 ^gmT 1 (lanes 6-1). Also shown Is the 
blocking by rC04 at 1.0 (lane e) and 10 u4 mi" 1 (lane f) of target cell lysis mediated 
by 1.0 u£ ml 1 CD4 Immunoadhesin. The level of ceil lysis observed with C04 
Irnmunoadhesin was comparable to that mediated by a control AIDS patient serum. 
rC04 itself does not mediate target cell lysis at concentrations up to lOu^grnT 1 . 
Uninfected CEMNKR targets were not lysed by effector ceda in the presence of C04 
immunoadhesin. AIOS patient serum or normal human serum (see below), but could 
be lysed in the presence of a rabbit sntJ-rCD4 serum (not shown), o, ADCC towards 
uninfected CEM.NKR target cells (lanes a d. g and J), uninfected CEMNKR cells Incubated 
with soluble rgpl20 (ref. 17) (lanes b, e, h and k) and hlv-l -infected CEMNKR (lanes 
c, f , I and I) mediated by C04 irrtmunoadhesin (lanes a-c), AIDS pattern serum at 1/1.000 
final dilution (lanes d-f). serum from an uninfected IndMduaJ at 1/U00O final dilution 
(g-l) and complete medium (lanes j-l). 

METHODS. The CEM.NKR Hymphoblastoid cell line, which is resistant to NK -mediated 

lysis 18 , was used for ail experiments. HIV4-infected CEM.NKR ceils were produced by 
inoculating 10 e CEMJMKR ceils with 10 3 TCIDso of WV-1 liU . The culture was monitored 
for Infection using reverse transcriptase (RT) activity and HTV-1 specific antibodies for 
immunofluorescence. After —2 weeks the culture became stable, with >70% of cells 
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Medium 



immurotflucrescence-posiUve. and >10 a cp.m.mT 1 RT activity in the medium. Cells 
were maintained in RPMI 1640 medium (GJbco) containing 20% fetal bovine serum (MA 
btoproducts), penicillin, streptomycin and i-glutamme (complete medium). Target cells 
were labelled by incubation of 10* cells with 100 jiCI 51 Cr In 0.5 ml for 2 h at 37 *C. 
After two washes, cells were suspended at 2 xl0*per ml In complete medium and 
25-uJ Btiquots (containing 5 x10 s ceils) were dispensed to wells of a 96- well plate. 
For the iysis assay, 25 \d purified recombinant proteins or sera diluted in complete 
medium, or control medium, were added to each well and Incubated for 30 min at room 
temperature. Assays were carried out In triplicate. Effector PBMCs were prepared from 
heparinlzed blood obtained from a healthy, HIV- seronegative donor by centrifugetton 
through Fiooil-Paque (Pharmacia). After two washes in RPMI 1640 the cells were 
suspended to 5 *10° cells per mi In complete medium and 50- *U aliquots were added 
to appropriate wells. The total incubation volume was therefore 100 »jJ. The concentra- 
tions Indicated are final concentrations after effector cells were added nates were 
incubated for 16-18 h at 37 *C in 5% C0 3 . For analysis of cell lysis, 50- mJ samples 
of supernatant were pipetted from each well, mixed with detergent to Inactivate HTV, 
then mixed with 0.5 ml Protosol (New England Nuclear) and 5 ml Betafluor (National 
Diagnostics) and analysed by scintillation counting. Maximum lysis, spontaneous lysis 
and complete medium controls were included in each assay for each target cell, in 
triplicate. Maximum lysis was obtained by substituting 25 pJ of 2% Triton X-100 for 
the test sample. Spontaneous release wells received 70 ft! complete medium instead 
of effector celis. Complete medium controls received medium instead of the teat 
sample. Percentage specific lysis was calculated using the formula, % specific lysis - 
(test sample-spontaneous release)/(maxlmum lysis-spontaneous release). 
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normally constituting the antigen-binding site of IgC. Therefore, 
in principle, any such receptor can be given the functional 
characteristics of an antibody, with the ability to select desirable 
characteristics at will. □ 
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RECENT advances in understanding the molecular basis of human 
X-linked muscular dystrophies (for a review, see ref. 1) have come 
from the identification of dystrophin, a cytoskeletal protein associ- 
ated with the surface membrane 2 "" 4 . Although there is little or 
virtually no dystrophin in affected individuals 5 * 6 , it is not known 
how this causes muscle degeneration. One possibility is that the 
membrane of dystrophic muscle is weakened and becomes leaky 
to Ca 2+ (refs 7-9). In muscle from mdx mice, an animal model 
of the human disease 10 , Intracellular Ca 2+ is elevated and associ- 
ated with a high rate of protein degradation 11 . The possibility that 
a lack of dystrophin alters the resting permeability of skeletal 
muscle to Ca 2 * prompted us to compare Ca 2 *-permeable ionic 
channels in muscle cells from normal and mdx mice. We now show 
that recordings of single-channel activity from mdx myotubes are 
dominated by the presence of Ca 2 *-permeable roechano- trans- 
ducing ion channels. Like similar channels in normal skeletal 
muscle, they are rarely open at rest, but open when the membrane 
is stretched by applying suction to the electrode 12-14 . Other chan- 
nels in mdx myotubes, however, are often open for extended periods 
of time at rest and close when suction is applied to the electrode. 
The results show a novel type of mechano-transducing Ion channel 
in mdx myotubes that could provide a pathway for Ca 2+ to leak 
into the cell. 

We recorded single-channel activity from cell-attached patches 
on myotubes from normal and mdx mice with IlOmM BaCl 2 
in the patch electrode. Figure la shows a continuous record of 
single-channel activity recorded — 1 min after the patch electrode 
formed a seal on the surface of a myotube from normal mouse 
muscle. At a holding potential of -60 mV, the single-channel 
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FIG. 1 Channel activity recorded from the surface of myotubes from normal 
and mdx mice with 110 mM BaC1 2 in the patch electrode showing unitary 
Ba a * currents at a constant holding potential of -60 mV. The traces are 
sequential and represent a segment of a continuous recording ( — 10 seconds 
channel activity). Currents were filtered at 1 kHz with an eight-pole Bessel 
filter and sampled at 5 kHz. a. Recording from a ceil -attached patch on a 
normal myotube. b. Recording from a eel I -attached patch on a mdx myotube 
showing low channel activity, c, Recording from a different mdx myotube In 
which channel activity was high. 

METHODS. Myotubes were prepared by dissecting hind-limb or cutaneous- 
pectoris muscles from 7-day -old normal C57B control mice or mdx mice 
(Jackson Laboratory) after killing by cervical dislocation. The muscle was 
minced and Incubated for -15 min at 37 X in Ca 3+ - and Mg 2 ""-free Hank's 
buffer containing 0.125% typsin. Cells were dissociated by passing through 
a small-bore pipette and filtered through 100-u.m gauze. The suspension 
was preplated for — 1 h to remove fibroblasts, after which the remaining 
cells In suspension were plated on gelatin-coated tissue culture dishes at 
a density of —5.000 cells per cm 2 in DMEM medium supplemented with 
20% FCS and chick embryo extract Myoblasts began to fuse and form 
myotubes after —4-5 days in culture. Recordings were made from myotubes 
1-5 days after the first myotubes formed. Recordings of single-channel 
activity from cell-attached patches were made with a List EPC-7 amplifier 
as described previously 19 . Current signals were recorded on video tape and 
replayed onto the hard disk of a laboratory computer (POP 11/73) for later 
analysis. Patch electrodes were made from borosilicate capillary pipettes 
(Rochester Scientific) and had resistances of 2-4 MO when filled with 
110 mM BaCI 2 and immersed in the bath. The bathing solution contained 
150 mM potassium asparatate. 5mM MgCi a . 5 mM EGTA, 10 mM glucose 
and 10 mM HEPES buffer. The pH was adjusted to 6.5 with KOH. An isotonic 
potassium bathing solution was used to zero the resting potential of the 
cell. Occasionally, voltage shifts were detected after patch excision which 
indicated a maximum voltage error of — 10 mV. The bathing solution produced 
no obvious signs of cell deterioration. 
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HYBRID IMMUNOGLOBULINS 

This is a continuation-in-part of U.S. Ser. No. 
07/315.015. filed Feb. 23. 1989. 5 

BACKGROUND OF THE INVENTION 

This invention relates to novel ligand binding mole- 
cules and receptors, and to compositions and methods 
for improving the circulating plasma half-life of ligand 10 
binding molecules. In particular, this invention also 
relates to hybrid immunoglobulin molecules, to meth- 
ods for making and using these immunoglobulins, and to 
nucleic acids encoding them. 

Immunoglobulins are molecules containing polypep- 15 
tide chains held together by disulfide bonds, typically 
having two light chains and two heavy chains. In each 
chain, one domain (V) has a variable amino acid se- 
quence depending on the antibody specificity of the 
molecule. The other domains (C) have a rather constant 20 
sequence common among molecules of the same class. 
The domains are numbered in sequence from the amino- 
terminal end. 

The immunoglobulin gene superfamily consists of ^ 
molecules with immunoglobulin-like domains. Mem- 
bers of this family include class I and class II major 
histocompatibility antigens, immunoglobulins. T-cell 
receptor a. y and 6 chains. CD1. CD2. CD4. CDS, 
CD28. the y. 5 and c chains of CD 3. OX-2. Thy-I. the %Q 
intercellular or neural cell adhesion molecules (I -CAM 
or N-CAM). lymphocyte function associated antigen.? 
(LFA-3). neurocytoplasmic protein (NCP-3), poly-Ig 
receptor, my el in-associated glycoprotein (MAG), high 
affinity lgE receptor, the major glycoprotein of periph- ;? 
cral myelin (Po). platelet derived growth factor recep- 
tor, colony stimulating factor. I receptor, macrophage 
Fc receptor. Fc gamma receptors and carcinoembry- 
onic antigen. 

It is known that one can substitute variable domains 40 
(including hypervariable regions) of one immunoglobu- 
lin for another, and from one species to another. Sec. for 
example. EF 0 173 494; EP 0 125 023; Munro. Nature 
312 (13 Dec. 1984); Neuberger et al.. Nature 312: (13 
Dec. 19S4-K Sharon et al. Nature 309 (May 24. 1984): 45 
Morrison et al. Proc. Natl. Acad. Sci. USA 
81:6851-6855 (1984): Morrison et al. Science 
229:1202-1207 (1985); and Boulianne et al.. Nature 
312:643-646 (Dec. 13. 1984). 

Morrison et al.. Science 229:1202-1207 (1985) teaches 50 
the preparation of an immunoglobulin chimera having a 
variable region from one species fused to an immuno- 
globulin constant region from another species. This 
reference suggests molecules having immunoglobulin 
sequences fused with non-immunoglobulin sequences 55 
(for example enzyme sequences), however the reference 
teaches only immunoglobulin variable domains at- 
tached to the non-immunoglobulin sequence. Morrison 
et al.. EP 0 173 4*94 teaches a similar chimera. While the 
term "receptor" is used by the authors, and the back- 60 
ground section refers 10 "receptors such as immuno- 
globulins, enzymes and membrane proteins", the stated 
"receptors of interest" include **B-cell and T-cell recep- 
tors, more particularly* immunoglobulins, such as IgM. 
lgG. IgA. IgD and IgE. as well as the various subtypes 65 
of the individual groups" (page 3 lines 10—13). The 
disclosure of this reference is specific to immunoglobu- 
lin chimeras (see for example page 3. lines 21-30). 



2 

It has also been shown that it is possible to substitute 
immunoglobulin variable-like domains from two mem- 
bers of^the immunoglobulin gene superfamily— CD4 
and the T cell receptor — for a variable domain in an 
immunoglobulin; see e.g. Capon et al.. Sam re 
337:525-531. 1989. Traunecker et al.. Nature 339:68-70. 
1989. Gascoigne et al.. Proc. Sat. Acad, Sci 
84:2936-2940. 1987. and published European applica- 
tion EPO 0 325 224 A2. 

A large number of proteinaceo'us substances are 
known to function by binding specifically to target 
molecules. These target molecules are generally, but 
need not be. proteins. The substances which bind to 
target molecules or ligands are referred to herein as 
ligand binding partners, and include receptors and car- 
rier proteins, as well as hormones cellular adhesive 
proteins, tissue-specific adhesion factors, lectin binding 
molecules growth factors, enzymes, nutrient substances 
and the like. 

Lymphocytes are examples of cells which are tar- 
geted to specific tissues. Lymphocytes are mediators of 
normal tissue inflammation as well as pathologic tissue 
damage such as occurs in rheumatoid arthritis and other 
autoimmune diseases. Vertebrates have evolved a 
mechanism for distributing lymphocytes with diver- 
seantigenic specificities to spatially distinct regions of 
the organism (Butcher. E. C. Curr. Top. Micro. 
Immunol. 128. 85 (1986): Gallatin. \V. M.. et al.. Cell 44, 
673 ( 1986); Woodruff. J. J., et al., Ann. Rev. Immunol. 5, 
201 (1987); Duijvestijn. A., et al.. Immunol. Today 10, 23 
(1989); Yednock. T. A., et al.. Adv. Immunol. 44: 313-78 
(in press) (1989)). 

This mechanism involves the continuous recircula- 
tion of the lymphocytes between the blood and the 
lymphoid organs. The migration of lymphocytes be- 
tween the blood, where the cells have the greatest de- 
gree of mobility, and the lymphoid organs, where the 
lymphocytes encounter sequestered and processed anti- 
gen, is initiated by an adhesive interaction between 
receptors on the surface of the lymphocytes and ligands 
on the endothelial cells of specialized postcapillary 
venules, e.g.. high endothelial venules (HEV) and the 
HEV-like vessels induced in chronically inflamed syno- 
vium. 

The lymphocyte adhesion molecules have been spe- 
cifically termed homing receptors, since they allow 
these cells to localize in or "home" to particular second- 
ary lymphoid organs. 

Candidates for the lymphocyte homing receptor have 
been identified in mouse, rat and human (Gallatin, W. 
M. t et al., Sature 303, 30 (1983); Rasmussen, R. A., et 
al., /. Immunol 135, 19 (1985); Chin, Y. H., et al., J. 
Immunol 136. 2556 (1986); Jalkanen, S-, et al. f Eur, J. 
Immunol 10, 1195 (1986)). The following literature 
describes work which has been done in this area 
through the use of a monoclonal antibody, termed Mel 
14, directed against a purported murine form of a lym- 
phocyte surface protein (Gallatin, W. M., et al., supra; 
Mountz, J. D., et al., / Immunol 140, 2943 (1988): 
(Lewinsohn, D. M., et al.,y., Immunol 138, 4313 (1987); 
Siegelman, M„ et al., Science 231, 823 (1986); St. John, 
T., et al., Science 231, 845 (1986)). 

Immunoprecipitation experiments have shown that 
this antibody recognizes a diffuse, —90,000 dalton cell 
surface protein on lymphocytes (Gallatin, W. M., et al., 
supra) and a — 100,000 dalton protein on neutrophils 
(Lewinsohn, D. M., et al., supra). 
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A partial sequence— 15 residues— for a purported 2. Also provided are LHR having variant amino acid 
Kmphocytc homing receptor identified by radioac- sequences or glycosylation not otherwise found in na- 
tively labeled amino acid sequencing of a Mel. 14 anti- ture. as well as other derivatives of the LHR having 
body-defined glycoprotein was disclosed by Siegelman improved properties including enhanced specific activ- 
ei al. (Siegelman. M.. et al.. Science 231, 823 (1986)). 5 ity and modified plasma half-life, as well as enabling 

Lectins are proteins with a carbohydrate-binding methods for the preparation of such variants, 

domain found in a variety of animals, including humans It is shown herein that the LHR is a glycoprotein 

as well as the acorn barnacle and the flesh fly. The which contains the following protein domains: a signal 

concept of lectins functioning in cell adhesion is exem- sequence, a carbohydrate binding domain, an epidermal 

plified by the interaction of certain viruses and bacteria 10 growth factor-like (egf) domain, at least one and prefer- 

with eucaryotic host cells (Paulson. J. C, The Receptors ably two complement binding domain repeat, a trans- 

Vol. 2 P. M. Conn. Eds. (Academic Press. NY. 1985). membrane binding domain (TMD). and a charged intra- 

pp. 131: Sharon. N., FEBS Lett. 217, 145 (1987)). In cellular or cytoplasmic domain. The LHR of this inven- 

eucaryotic cell-cell interactions, adhesive functions tion contains at least one but not necessarily all of these 
have been inferred for endogenous lectins in a variety of 15 domains. 

systems (Grabel. L.. et al.. Cell 17. 477 (1979); Fender- A successful strategy in the development of drugs for 

son. B.. et al../ Exp. Med. 160. 1591 (1984); Kunemund. the treatment of many abnormalities in ligand-binding 

V../ Cell Biol. 106. 215 (1988): Bischoff. R../ Cell Biol. partner interactions has been the identification of antag- 

102. 2273 ( 1986): Crocker. P. R..et al.. / Exp. Med. 164, onists which block the binding or interaction between 

1862 (1986); including invertebrate (Glabe. C. G., et al.. 20 ligand and binding partner. One approach has been to 

J. Cell. Biol. 94. 123 (1982): DeAngelis. P.. et al../. Biol. use an exogenous binding partner as a competitive an- 

Chem. 262. 13946 (1987)) and vertebrate fertilization tagonist for the native binding partner. However, many 

(Bleil. J D.. et al.. Proc. Xatl. Acad. Sci.. L.S..4. 85. 6778 ligand binding partners are cell membrane proteins 

(19S8); Lope/.. L. C. et al., / Cell Biol. 101. 1501 which are anchored in the lipid bilayer of cells. The 

( I9S5)). The use of protein-sugar interactions as a means 25 presence of membrane components is typically undesir- 

of achieving specific cell recognition appears to be well able from the standpoint of manufacturing and purifica- 

known. " tion. In addition, since these molecules are normally 

The literature suggests that a lectin may be involved present only on cell surfaces, it would be desirable to 

in the adhesive interaction between the lymphocytes produce them in a form which is more stable in the 

and their ligands (Rosen. S. D.. et a!.. Science 228. 1005 30 circulation. Additionally, even truncated or soluble 

(19s5|: Rosen. S. D.. et al.. / Immunol. 142 ligand binding partners may not be optimally effective 

(6):1895-I902 (1989); Stoolman. L. M..et al../ Cell Biol as therapeutics since they possess a relatively short in 

9h. 722 (1983): Stoolman. L. M.. et al.. / Cell Biol. 99. vivo plasma half-life, may not cross the placental or 

1535 (1984): Yednock. T. A., et al.. / Cell Bio. 104. 725 other biological barriers, and since merely sequestering 

(198^): Stoolman. L. M.. et al.. Blood 70. 1842 (1987): A 35 their ligand recognition site without delivering an effec- 

related approach by Brandley. B. K.. et al.. / Cell Biol. tor function may be inadequate for therapeutic pur- 

105. 9<H (1987j; and Yednock. T. A., et al.. / Cell Biol. poses. 

104. 725 ( 1987)). Accordingly, it is an object of this invention to pro- 
The character of a surface glycoprotein that may be duce ligand binding partners fused to moieties which 
involved in human lymphocyte homing was investi- 40 serve to prolong the in vivo plasma half-life of the li- 
gatt'd with a series of monoclonal and polyclonal anti- gand binding partner, such as immunoglobulin domains 
bodies generically termed Hermes, These antibodies or plasma proteins, and facilitate its purification by 
recognized a - 90.000 dalton surface glycoprotein that protein A. It is a further object to provide novel hybrid 
was found on a large number of both immune and non- immunoglobulin molecules which combine the adhe- 
immune cell types and which, by antibody pre-clearing 45 sive and targeting characteristics of a ligand binding 
experiments, appeared to be related to the Mel 14 anti- partner with immunoglobulin effector functions such as 
gen. (Jalkanen. S.. et al.. Ann. Rev. Med.. 38. 467-476 complement binding, cell receptor binding and the like. 
(1987); Jalkanen. S.. et al.. Blood. 66(3). 577-582 ( 1985).. Yet another object is to provide molecules with novel 
Jalkanen. S.. et al. / Cell Biol.. 105. 983-990 (1987); functionalities such as those described above for thera- 
Jalkanen. S., et al.. Eur. / Immunol.. 16. 1195-1202 50 peutic use. or for use as diagnostic reagents for the in 
(1986). vitro assay of the ligand binding partners or their tar- 
Epidermal growth factor-like domains have been gets. It is another object to provide multifunctional 
found on a wide range of proteins, including growth molecules in which a plurality of ligand binding part- 
factors, cell surface receptors, developmental gene ners (each of which may be the same or different) are 
products, extracellular matrix proteins, blood clotting 55 assembled, whereby the molecules become capable of 
factors, plasminogen activators, and complement (Doo- binding and/or activating more than one ligand. 
little. R. F., et al., CSH Symp. 51. 447 (1986)). In particular, it is an objective to prepare molecules 
A lymphocyte cell surface glycoprotein (referred to for directing ligand binding partners such as toxins, cell 
hereafter as the "LHR") has been characterized which surface partners, enzymes, nutrient substances, growth 
mediates the binding of lymphocytes to the endothe- 60 factors, hormones or effector molecules such as the 
Hum of lymphoid tissue. Full length cDNA clones and constant domain-like portions of a member of the immu- 
DNA encoding the human and the murine LHR noglobulin gene superfamily to cells bearing ligands for 
(HuLHR and MLHR, respectively) have been identi- the ligand binding partners, and for use in facilitating 
fied and isolated, and moreover this DNA is readily purification of the ligand binding partners, 
expressed by recombinant host cells. The nucleotide 65 Another object of this invention is to provide ligand 
and amino acid sequence of the human LHR (HuLHR) binding partner-immunoglobulin hybrid heteropolym- 
is shown in FIG. 1- The nucleotide and amino acid ers. especially heterodimers and heterotetramers, which 
sequence of the murine LHR (MLHR) is shown in FIG. are used in the targeting of therapeutic moieties to spe- 
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ciflc tissues and ligands. For example, a hybrid immuno- 
globulin consisting of one LHR-IgG chain and one 
CD4.IgG chain can be used to target CD4.lgG to tis- 
sues infected by viruses such as the human immunodefi- 
ciency virus (HIV). Similarly, a molecule having a li- 5 
gand binding partner, plasma protein portion combined 
with a toxin-plasma protein portion is used to deliver 
the toxin to desired tissues. 

It is another object to provide a method for expres- 
sion of these molecules in recombinant cell culture. 10 

SUMMARY OF THE INVENTION 

The objects of this invention are accomplished by 
providing novel polypeptides comprising a ligand bind- 
ing partner fused to a stable plasma protein which is 15 
capable of extending the in vivo plasma half-life of the 
ligand binding partner when present as a fusion with the 
ligand binding partner, in particular wherein such a 
stable plasma protein is an immunoglobulin constant 
domain- DNA encoding the polypeptides, cultures and 20 
methods for making the polypeptides are also provided. 

In most cases where the stable plasma protein is nor- 
mally found in a multimeric form. e.g.. immunoglobu- 
lins or lipoproteins, in which the same or different poly- 
peptide chains are normally disulfide and/or noncova- 25 
lently bound to form an assembled multichain polypep- 
tide, the fusions herein containing the ligand binding 
partner al^ will be produced and employed as a mul- 
timer having substantially the same structure as the 
stable plavma protein precursor. These multimers will 30 
be homogeneous with respect to the ligand binding 
partner they comprise, or they may contain more than 
one ligand binding partner. Furthermore, they may 
contain one or more ligand binding partner moieties. 

In a preferred embodiment in which the stable plasma ?5 
protein is an immunoglobulin chain, the ligand binding 
partner will be substituted into at least one chain, and 
ordinarih for the variable region of the immunoglobu- 
lin or suitable fragment thereof. However, it will be 
understood that this invention also comprises those 40 
fusions where the same or different ligand binding part- 
ner** are substituted into more than one chain of the 
immunoglobulin. If the ligand binding partners are dif- 
ferent, then the final assembled multichain polypeptide 
is capable of crosslinking ligands in a fashion that may 45 
not be possible with multifunctional antibodies having 
native variable regions. 

A particular multichain fusion of this son is one in 
which the variable region of one immunoglobulin chain 
has been substituted by the ligand binding region of a 50 
first receptor such as CD4 while the variable region of 
another immunoglobulin chain has been substituted by a 
binding functionality of the LHR. both immunoglobulin 
chains being associated with one. another in substan- . 
tially normal fashion, 55 

The fusions of this invention may be further modified 
by linking them through peptidyl or in vitro generated 
bonds to an additional therapeutic moiety such as a 
polypeptide toxin, a diagnostic label or other function- 
ality. 60 

The fusions of this invention are made by transform- 
ing host cells with nucleic acid encoding the fusion, 
cultunng the host cell and recovering the fusion from 
the culture. Also provided are vectors and nucleic acid 
encoding the fusion, as well as therapeutic and diagnos- 65 
tic compositions comprising them. 

In certain respects this invention is directed to LHR 
per se. The LHR of this invention is full-length, mature 



LHR. having the amino acid sequence described herein 
at FIGS. 1 and 2. and naturally occurring alleles, cova- 
lent derivatives made by in vitro dere alization, or pre- 
determined amino acid sequence or glycosylation vari- 
ants thereof. 

The novel compositions provided herein are purified 
and formulated in pharmacologically acceptable vehi- 
cles for administration to patients in need of antiviral, 
neuromodulator}- or immunomodulatory therapy, and 
for use in the modulation of cell adhesion. This inven- 
tion is particularly useful for the treatment of patients 
having receptor-mediated abnormalities. In addition, 
the compositions provided herein are useful intermedi- 
ates in the purification of the ligand binding partner 
from recombinant cell culture, wherein antibodies or 
other substances capable of binding the stable plasma 
protein component are used to absorb the fusion, or are 
useful in diagnostic assays for the ligand binding partner 
wherein the stable plasma protein serves as an indirect 
label. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 depicts the amino acid and DNA sequence of 
the Human LHR (HuLHR). 

FIG. 2 depicts the amino acid and DNA sequence of 
the Murine LHR (MLHR). 

FIG. 3 shows a comparison between the amino acid 
sequences for the mature HuLHR and MLHR. 

FIGS. 4A-4C show the isolation and N-terminal 
sequencing of the MLHR. FIG. 4A shows an SDS- 
polyacrylamide gel of material purified from a deter- 
gent extract of murine spleens by Mel 14 monoclonal 
antibody affinity chromatography. FIG. 4B shows the 
results of the subjection of the 90.000 dalton band of 
FIG. 4A to gas phase Edman degradation. The residues 
underlined between amino acids 7 and 15 were chosen 
to produce the oligonucleotide probe shown in FIG. 
4C. FIG. 4C shows as 32-fold redundant 26-mer oligo- 
nucleotide probe. 

FIG. 5 shows the transient expression of the MLHR 
cDNA clone. Lanes A-F signify the following: A. Ly- 
sates of 293 cells transfected with a MLHR expression 
plasmid immunoprecipitated with Mel 14 monoclonal 
antibody. B. Supernatants of 293 cells transfected with 
a MLHR expression plasmid immunoprecipitated with 
Mel 14 monoclonal antibody. C. Lysates of 293 cells 
transfected with a plasmid expressing the HIV gp!20 
envelope glycoprotein immunoprecipitated with the 
Mel 14 monoclonal antibody. D. Supernatants of 293 
cells transfected with the HIV envelope expression 
plasmid immunoprecipitated with the Mel 14 mono- 
clonal antibody. E. Supernatants of 38C13 cells im- 
munoprecipitated with the Mel 14 monoclonal anti- 
body. F. Lysates of 38CI3 cells surface labeled with 
I 125 and immunoprecipitated with the Mel 14 mono- 
clonal antibody. 

FIGS. 6A-6C show protein sequences which are 
heterologous but functionally comparable to the 
MLHR. Those lines labelled "MLHR" correspond to 
the MLHR of FIG. 2. FIG. 6A compares carbohydrate- 
binding domains: FIG. 6B compares epidermal growth 
factor domains; and FIG. 6C compares complement 
binding factor domains. 

FIG. 7 is a schematic of protein domains found in the 
LHR. including the signal sequence, carbohydrate bind- 
ing domain, epidermal growth factor (egf) domain, two 
complement binding domain repeats (arrows), trans- 
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membrane binding domain (TMD). and charged intra- 
cellular domain. 

FIG. 8 shows the construction of MLHR-IgG chim- 
eras containing the lectin. lectin-egf, and lectin-egf- 
complemem regulatory motifs. 

FIG. 9 shows the gel electrophoresis of the products 
of the expression and purification of the MLHR-IgG 
chimeras. 

FIG. 10 shows polyphosphomannan ester (PPME) 
binding analysis of various MLHR-IgG chimeras. 

DETAILED DESCRIPTION 

Ligand binding partners as defined herein are prote- 
ins known to function to bind specifically to target 
licand molecules, and are generally found in their native 
stale as secreted or membrane bound polypeptides: 
membrane-bound ligand binding partners typically in- 
clude a hydrophobic transmembrane region or phos- 
pholipid anchor. Ligand binding partners include recep- 
tors and carrier proteins, as w ell as hormones, cellular 
adhesive proteins (proteins which direct or induce the 
adhesion of one cell to another). lectin binding mole- 
cules, growth factors, enzymes, nutrient substances and 
the like. CD antigens which are not members of the 
immunoglobulin gene superfamily or otherwise ex- 
cluded as set forth above are suitable ligand binding 
partners. Knapp et al.. Jmmunohgy Today 10 
(8):253-25S. 1989. specifically incorporated by refer- 
ence. The platelet growth factor receptor and insulin 
receptor may optionally be ligand binding partners 
Ligand binding partners include not only the full length 
native form, but truncations or other amino acid se- 
quence variants that remain capable of binding to the 
normal ligand. 

As used herein, the term "ligand binding partner" 
specifically excludes polymorphic and non polymorphic 
members of the immunoglobulin gene superfamily. and 
proteins which are homologous thereto, such as class I 
and class II major histocompatibility antigens, immuno- 
globulins. T-cell receptor a. /J. y and 6 chains. CD1. 
CD2. CD4. CDS. CD28. the 7. 6 and e chains of CD3. 
OX-2. Thy-1. the intercellular or neural cell adhesion 
molecules (I-CAM or N-C AM), lymphocyte function 
associated antigen. 3 (LFA.3). neurocytoplasmic protein 
(NCP-3) poly-lg receptor myelin-associated glycopro- 
tein (MAG), high affinity IgE receptor, the major gly- 
coprotein of peripheral myelin (Po). platelet derived 
growth factor receptor, colony stimulating factor. 1 
receptor, macrophage Fc receptor. Fc gamma recep- 
tors and carcinoembryonic antigen. Homologous to a 
member of the immunoglobulin gene superfamily, for 
the purposes of this exclusion only, means having the 
sequence of a member of the immunoglobulin gene 
superfamily or having a sequence therewithin which 
has substantially the same (or a greater degree of) amino 
acid sequence homology to a known member of the 
superfamily as the specific examples given above have 
to the sequence of an immunoglobulin variable or con- 
stant domain. Note that this does not exclude embodi- 
ments in which a ligand binding partner fusion is assem- 
bled into a multimer with, in addition, a member or 
fusion of a member of the immunoglobulin gene super- 
family. 

Also specifically excluded from the term "ligand 
binding partner" are multiple subunit (chain) polypep- 
tides encoded by discrete genes (genes which do not 
encode a single chain precursor polypeptide leading to 
the multiple subunit polypeptide), with at least one 



subunit of the polypeptide being ordinarily inserted into 
the cell membrane, including cellular receptors (e.g.. 
iniecrins) for extracellular matrix molecules, as exem- 
plified in U.S. Ser. No. 07/290.224 filed Dec. 22. 1988. 
5 Note that this does not exclude embodiments in which 
a ligand binding partner fusion is assembled into a mul- 
timer with, in addition, a multiple subunit polypeptide 
or fusion of a multiple subunit polypeptide as defined in 
this paragraph. 

10 Stable plasma proteins are proteins typically having 
about from 30 10 2,000 residues, which exhibit in their 
native environment an extended half-life in the circula- 
tion, i.e. greater than about 20 hours. Examples of suit- 
able stable plasma proteins are immunoglobulins, albu- 

15 min. lipoproteins, apolipoproteins and transferrin. The 
ligand binding partner typically is fused to the plasma 
protein at the N-terminus of the plasma protein or frag- 
ment thereof which is capable of conferring an ex- 
tended half-life upon the ligand binding partner. The 

20 ligand binding partner generally is fused at its native 
C-terminus to the plasma protein. However, on occa- 
sion it may be advantageous to fuse a truncated form of 
the ligand binding partner (in which the transmembrane 
and cytoplasmic regions have been deleted) to a portion 

25 of the stable protein that exhibits a substantially hydro- 
phobic hydropathy profile, typically the first site in the 
mature stable protein in which a hydrophobic region 
having greater than about 20 residues appears. Such 
sites are present in transferrin and are quite common in 

30 albumin and apolipoproteins and should present no 
difficulty in identification. As much of the remainder of 
the stable protein as is required to confer extended 
plasma half-life on the ligand binding partner is then 
incorporated into the fusion. Increases of greater than 

35 about 100 on the plasma half-life of the ligand bind- 
ing partner are satisfactory. 

In some preferred embodiments, the binding partner 
is an LHR. The LHR is defined as a polypeptide having 
a qualitative biological activity in common with the 

40 LHR of FIG. 1 or FIG. 2. and which preferably con- 
tains a domain greater than about 70^ homologous 
with the carbohydrate binding domain, the epidermal 
growth factor domain, or the carbohydrate binding 
domain of the LHR of FIG. 1 or FIG. 2. 

45 Homology with respect to a LHR is defined herein as 
the percentage of residues in the candidate sequence 
that are identical with the residues in the carbohydrate 
binding domain, the epidermal growth factor domain, 
or the complement binding domains in FIG. 1 or FIG. 

50 2 after aligning the sequences and introducing gaps, if 
necessary, 10 achieve the maximum percent homology. 
' Included within the scope of the LHR as that term is 
used herein are LHRs having the amino acid sequences 
of the HuLHR or MLHR as set forth in FIG. 1 or 2. 

55 deglycosylated or unglycosylated derivatives of the 
LHR, homologous amino acid sequence variants of the 
sequence of FIG. 1 or 2. and homologous in vitro- 
generated variants and derivatives of the LHR, which 
are capable of exhibiting a biological activity in com- 

60 mon with the LHR of FIG. 1 or FIG, 2. 

LHR or LHR-fragmenl biological activity is defined 
as either 1) immunological cross-reactivity with at least 
one epitope of the LHR, or 2) the possession of at least 
one adhesive, regulatory or effector function qualita- 

65 tively in common with the LHR. 

One example of the qualitative biological activities of 
the LHR is its binding to ligands on the specialized high 
endothelial cells of the lymphoid tissues. Also, it fre- 
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qucnily requires a divalent cation such as calcium for 
ligand binding. 

Immunologically cross-reactive as used herein means 
that the candidate polypeptide is capable of competi- 
tively inhibiting the qualitative biological activity of the 5 
LHR having this activity with polyclonal antisera 
raised against the known active analogue. Such antisera 
are prepared in conventional fashion by injecting goats 
or rabbits, for example, subcuianeously with the known 
active analogue in complete Freund's adjuvant, fol- 10 
lowed by booster intraperitoneal or subcutaneous injec- 
tion in incomplete Freunds. 

Structurally, as shown in FIG. 3. the LHR includes 
several domains which are identified as follows (within 
rrlO residues): a signal sequence (residues 20-32). I? 
which is followed by a carbohydrate binding domain 
(identified in FIG. 3 as a "lectin" domain) (residues 
39-155). an epidermal growth factor (egf) domain (resi- 
dues 160-193). a complement factor binding domain 
(residues 197-317). a transmembrane binding domain 20 
(TMDj (residues 333-355). and a cytoplasmic domain 
(residues 356-372). The boundary for the LHR extra- 
cellular domain generally is at. or within about 30 resi- 
dues of. the N-terminus of the transmembrane domain, 
and is readily identified from an inspection of the LHR 25 
sequence. Any or all of these domains are utilized in the 
practice of this invention. 

FIGS. 6A-6C show a variety of proteins having some 
homology to three of these domains. FIG. 6A shows 
carbohydrate binding domains. FIG. 6B shows epider- 30 
mal growth factor domains, and FIG. 6C shows some- 
what homologous complement binding domains. 

A comparison of the amino sequences of HuLHR and 
MLHR is presented in FIG. 3. and shows a high degree 
of overall sequence homology < - 830 ). The degrees of 35 
homology between the various domains found in the 
HuLHR versus the MLHR. however, are variable. For 
example, the degree of sequence conserv ation between 
the MLHR and the HuLHR in both the carbohydrate- 
binding and egf domains is approximately 830. while 40 
the degree of conserv ation in the first complement bind- 
ing repeat falls to 79*~r and only 63 Cr in the second 
repeat, for an overall complement binding domain ho- 
mology of - 71 . Furthermore, while the two MLHR 
complement binding domain repeats are identical, those 45 
in the HuLHR have differences, and differ as well to the 
murine repeats. Interestingly, the degree of conserva- 
tion between the two receptors in the transmembrane 
sequence and surrounding regions is virtually identical, 
with only one conservative hydrophobic substitution. 50 
probably within the transmembrane anchor region. 

The surface glycoprotein discussed above that is 
recognized by the series of monoclonal and polyclonal 
antibodies generically termed Hermes is specifically 
excluded from the scope of this invention. 55 

Immunoglobulins and certain variants thereof are 
known and many have been prepared in recombinant 
cell culture. For example, see U.S. Pat. No. 4,745.055; 
EP 256.654.. Faulkner et al.. Nature 298:286 ( 1982): EP 
120.694; EP 125.023.. Morrison. J. Immun. 123:793 60 
(1979): Kohler et al.. P.N.A.S. USA 77:2197 (1980); 
Raso et al.. Cancer Res. 41:2073 (1981): Morrison et al.. 
Ann Rev. Immunol. 2:239(1984); Morrison. Science 
229:1202 (1985): Morrison et al.. P.N.A.S. USA 81:6851 
(1984): EP 255.694; EP 266.663; and WO 88/03559. 65 
Reasserted immunoglobulin chains also are known. See 
for example U.S. Pat. No. 4.444.878; WO 88/03565; and 
EP 68.763 and references cited therein. 
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Ordinarily, the ligand binding partner is fused C-ter- 
minally to the N-terminus of the constant region of 
immunoglobulins in place of the variable region(s) 
thereof, however N-terminal fusions of the binding 
partner are also desirable. The transmembrane regions 
or lipid or phospholipid anchor recognition sequences 
of ligand binding partners comprising such regions or 
sequences are preferably inactivated or deleted prior to 
fusion. 

Typically, such fusions retain at least functionally 
active hinge. CH2 and CH3 domains of the constant 
region of an immunoglobulin heavy chain. Fusions are 
also made to the C-terminus of the Fc portion of a con- 
stant domain, or immediately N-terminal to the CHI of 
the heavy chain or the corresponding region of the light 
chain. This ordinarily is accomplished by constructing 
the appropriate DNA sequence and expressing it in 
recombinant cell culture. Alternatively, however the 
polypeptides of this invention may be synthesized ac- 
cording to known methods. 

The precise site at which the fusion is made is not 
critical: particular sites are well known and may be 
selected in order to optimize the biological activity, 
secretion or binding characteristics of the binding part- 
ner. The optimal site will be determined by routine 
experimentation. 

In some embodiments the hybrid immunoglobulins 
are assembled as monomers or hetero- or homo-multim- 
ers. and particularly as dimers or tetramers. Generally, 
these assembled immunoglobulins will have known unit 
structures as represented by the following diagrams. A 
basic four chain structural unit is the form in which 
IgG. lgD. and IgE exist. A four chain unit is repeated in 
the higher molecular weight immunoglobulins: IgM 
generally exists as a pentamer of, basic four-chain units 
held together by disulfide bonds. IgA globulin, and 
occasionally IgG globulin, may also exist in a muhim- 
eric form in serum. In the case of multimers. each four 
chain unit may be the same or different. 

In the diagrams herein. "A" means at least a portion 
of a ligand binding partner containing a ligand binding 
site which is capable of binding its ligand: X is an addi- 
tional agent, which may be another functional ligand 
binding partner (same as A or different), a multiple 
subunit (chain) polypeptide as defined above (e.g., an 
integrin). a portion of an immunoglobulin superfamily 
member such as a variable region or a variable region- 
like domain, including a native or chimeric immuno- 
globulin variable region, a toxin such as pseudomonas 
exotoxin or ricin, or a polypeptide therapeutic agent not 
otherwise normally associated with a constant domain: 
and Vl* V//, C/. and C// represent light or heavy chain 
variable or constant domains of an immunoglobulin. 
These diagrams are understood to be merely exemplary 
of general assembled immunoglobulin structures, and 
do-not encompass all possibilities. It will be understood, 
for example, that there might desirably be several differ- 
ent "A"s or **X**s in any of these constructs. 

monomer: 

A— Q L orQ H 

homodimer: 

A 

^ Cl or C H 

J C/.orC// 

A 



hcUTiHlimcr. 
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-continued 



-C L or C// 
-C/. or C// 
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Chains or basic units of varying structure may be 
utilized to assemble the monomers and hetero- and 
homo-muhimers and immunoglobulins of this inven- 
tion. Specific examples of these basic units are dia- 
grammed below and their equivalents (for purposes of 
the attenuated formulae infra) are indicated. 



hormuetramer: 



tu'tL-mtcrramcrv 



-C// 



-C,/ 
-C// 



10 



15 



20 




v C/. - Vi.Cz.— ACa/ 

N C/y 




It will be understood that these diagrams are merely 
illustrative, and thai the chains of the multimers are 
believed to be disulfide bonded in the same fashion as 
native immunoglobulins. According to this invention, 
hvbrid immunoglobulins are readily secreted from 




30 Various exemplary assembled novel immunoglobu- 
lins produced in accordance with this invention are 
schematically diagrammed below. In addition to the 
symbols defined above, n is an integer, and Y designates 
a covalent cross-linking moiety. 



(Jl AC'/.: 

(hi AC/ -AC/.: 

U> AC//-[AC//. AC/. -AC//. AC/— \*//C/#. \ L C L ~AC//. Y L Cl— V//C//. XC//. \C L . 

XC/- XC//. XC/. — V//C//* XC//— V L C/_. XC/.-AC//. or AC/.— XC//]: 
(d» AC/ — AC// — | AC"//* AC/ - AC//. AC/.-V//C//. V/C/.— AC//. V/C/.— V//C//. XC/y. 

XC/. XC/.— XC//. XC/.-V//C//. XC// — V/.C/,. XC/. — AC//. or AC/.— XC//]: 
Ul AC/ -\ //C//-|AC//. AC/.- AC//. AC/-V//C//. V/.C/.— AC //. V/.C/.— V//C//. XC//. 

XC/ . XC/ -XC//. XC/ - V//C//. XC ff -Y L C L . XC/-AC//. or AC/.-XC//]: 
( f, V/ C/_-AC//-[AC//. AC/. — AC//. AC/.-N //C/,. \ /.C/.-AC//. V l C/_— V//C//. XC//. 

XC/,. XC/. — XC//. XC/.-V//C//. \Cj t -\'iC L . XC/.— AC//, or AC/.— XC//]: 
<F> [A-Y]^-(V/C/-V//C//]:; 

Ihi XC//or XC/-[AC//. AC/.— AC//. AC/.— V//C//. V/.C/. — AC//. XC/_— AC//, or 
AC/ — XC//]: 

dl XCi-XC//-(AC//. AC/. — AC//. AC/.— \ //C//. V/_C_.-,C7/- XC/.— AC//, or AC/.— 
XC//]: 

fj> XC/.— V//C//— [AC//. AC/.— AC//, AC/.— \ //C//. V/.C/.— AC//. XC/.— AC//, or AC/.— 
XC//]2 

(k) XC//— V/_C/_— [AC//. AC/.— AC//. AC/_— V//C//. V/.C/.— AC//. XC/_— AC//, or AC/.— 
XC//]: . 

(I) XC/.-AC//— [AC//. AC/. — AC//. AC/.— V//C//. V/C/_— AC//. V L C/_— V//C//. XC/y, 
XC/.. XC/, — XC//. XC/.-V//C//. XC//-V/.C/.. XC/.— AC//, or AC/.— XC/y): 

(ml AC/.-XC//— [AC//. ACi-AC//. AC/.-V//C//. V/.C/.— AC//. V/C/_— V//C/y. XC//. 

XC/.. XC/.— XC//. XC/-V//C//. XC//-V/.C/.. XC/^AC/y. or AC/.— XC//]: 



mammalian cells transformed with the appropriate nu- 
cleic acid. The secreted forms include those wherein 
the binding partner epitope is present in heavy chain 60 
dimers, light chain monomers or dimers. and heavy and 
light chain heterotetramers wherein the binding partner 
epitope is present fused to one or more light or heavy 
chains including heterotetramers wherein up to and 
including all four variable region analogues are substi- 65 
tuted. Where a light-heavy chain non-binding partner 
variable-like domain is present, a heterofunctional anti- 
body thus is provided. 



A, X, V or C may be modified with a covalent cross- 
linking moiety (Y) so to be (A-Y)„, (X-Y) n etc. 

The ligand binding partner A may also be a multi- 
chain molecule, e.g. having chains arbitrarily denoted 
as A a and Ap. These chains as a unit are located at the 
sites noted for the single chain "A" above. One of the 
multiple chains is fused to one immunoglobulin chain 
(with the remaining chains covalently or noncovalently 
associated with the fused chain in the normal fashion) 
or t when the ligand binding partner contains two 
chains, one chain is separately fused to an immunoglob- 
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ulin light chain and the other chain 10 an immunoglobu- 
lin heavy chain. 

It is presently preferred that only one chain of the 
Iigand binding partner be fused to the stable plasma 
protein. In this case, a fusion through a peptide bond is 5 
made bet ween one of the binding partner chains and the 
stable plasma protein, while the other chain(s) of the 
ligand binding partner are allowed to associate with the 
fused chain in the fashion in which they associate in 
nature, e.g. by disulfide bonding or hydrophobic inter- 10 
action. The ligand binding partner chain chosen for 
peptidyl fusion should be the chain which contains a 
transmembrane domain, and the fusion will be located 
substantially adjacent N. terminally from the transmem- 
brane domain or in place of the transmembrane and 15 
cytoplasmic domains. Ordinarily, if multiple transmem- 
brane domain> are present then one is selected for fusion 
tor deletion and then fusion) while the other remains 
unfused or is deleted 



Ac^A 
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continued 

= A„AjCi — V//C#/ 




A„-C//— V/C/. 



AoA^jCz.— XC// 



Various exemplary novel assembled antibodies hav- 



Basic units having the structures as diagrammed 20 ing a two-chain ligand binding partner C"A« and A/3") 
below are examples of those used to create monomers. utilized in unit structures as above are schematically 
and hetero- and homo-multimers. particularly dimers diagrammed below. 



A.A^C/.— I AC//. ACt~AC/,. AC/— V//C//. VjrCt-AC//. V L C i — V//C//. XC//. XC L . 
XC/-XC//. XC/-V//C//. XC//-V/C/.. XC/.— AC//. AC/.— XC//. A a Aj/C//. 
A u AtfC/.. A„Ci.— A U C//. ApC L -A (1 C//. A„AjjC/ — V//C//. A a A#C//-\ /C^. A a A {1 C L — 
XC//. or A (I A^C//-XC/J: 

A n A // — [AC//. AC/.— AC//. AC/.-V//C//. V/C/-AC//. V A C/.- V//C//. XC//. XC/,. 
XC/ — XC//. XCi-\ //C//. XC//-V/.C,.. XC/.— AC//. AC/.-XC//. A (! A#C//. 
A„A^C/.. A t: C/.-AtfC//. A#C/.-A n C//. A tI A^C/.— V//C//. A a A/jC//-\'/C/.. A n A^C L — 
XC//. or A l( A,iC//-XC/J: 

A„C/— AjC//-[AC//. AC/— AC//. AC/.— Y//C//. V/.C/. — AC//. V £ C/.— V//C//. XC//. 
XC/. XC/ — XC//. XC/.-V//C//. XC//-V/C/.. XC/.— AC//. AC/.-XC//. A £1 A^C//. 
A tt A ;J C/. A...C/— A^C//. A^Cl— A a C//. A a A^C/_— V//C//. A a A^C//-\ /.C/.. A a A^C/.— 
XC//. or A, A^C//— XC/.1: 

A-C/— A (I C//-|AC//. AC/.— AC//. ACi-X'wC//. ^ /.C/. — AC//. V A C/— V//C//. XC//. 

xc/;. xc/.-xt //. XC/.-V//C//. xc/y-v/C/.. xc L -AC//. AQ.-XC//. a q a & Ch- 

A..A-C/. A (! C/.— A tf C//. A^C/.— A a C//. A„A/|C/.— V//C//. A a A,jC//— V/.C/.. A (I A/>C£— 
XC//. or A t: A,*C //-XC/ J; 

A.,A,;C/~ V//C//— [AC/,. AC/— AC//. AC/.— V//C//. V L C/.— AC//. \ /.C/.— V//C//. XC//. 
XC/. XC/— XC//. XC/-\ //C//. XCf/—\ L CL XC/. — AC//. AC/.— XC//. A a A^C//. 
A..A^C"/. A (! C/— A^C//. A^C/.— A n C//. A a A^C/.— V//C//. A a A^C//— V/.C/.. A„A,/C/.— 
XC//. or A i: A ;J C//-XC/.]: 

A«.AjC//-V/C/— [AC//. AC/— AC//. AC/.— V//C//. \*/C/.— AC//. V/C/.— V//C//. X C//. 
XC/. XC/.-XC//. XC/.-X //C//. XC//-V/.C/.. XC/.— AC//. AC/.— XC//. A (1 A /J C//. 
A.,A-jC/.. A u C/_— A^C//. A/jC/.— A ei C//. A fI A^C/.— V//C//. A U A#C//— V A C/.. A tl A^C/. 
XC//. or A „ A ;iC //— X C /.] : 

A ( .A^C/— XC//— 1AC//. AC/.— AC//. AC/.— \ //C//. V/C/.— AC//. \ t^L — V //C//. XC//. 
XC/.. XC/.— XC//. XC/-\ //C//. XC//— V/C/., XC/.— AC//. AC/.— XC//. A a A;jC//. 
A r A t) Ci. A (I C/.— A^C//, A^C/.— A a C/y. A a A^C/.— V//C//. A a A/jC//— V/.C/.. A (1 A^C/.— 
XC //- * ir A (i AtfC//-XC/.]: 

A , 1 A ^C // — [AC//. AC/— AC//. AC/. — V//C//. V/.C/. — AC//. V/C/.— V//C//. XC//, 
XC/. XC/.— XC//. XC/.— V//C//, XC//— V/C/.. XC/.— AC//. AC/.— XC//. A a ApC/^ 
A tl A^C/.. A„C/.— A#C//. A^C/.— A a C//. A a A^C/.— V//C//. A a A^jC//— \'/.C/.. A a AjjC— 
XC//. or A„AffC//— XC/.1 • 



and trimers with multi-chain ligand binding partners: 



C// or C/. 




ss A a A#C//. A a A/jC/. 



= A n C// — A^C/. 



ApC//—A a Ci 



55 



60 



65 



The structures shown in the above tables show only 
key features, e.g. they do not show joining (J) or other 
domains of the immunoglobulins, nor are disulfide 
bonds shown. These are omitted in the interests of brev - 
ity. However, where such domains are required for 
binding activity they shall be constructed as being pres- 
ent in the ordinary locations which they occupy in the 
binding partner or immunoglobulin molecules as the 
case may be. 

Where an immunoglobulin V/.V// antibody combin- 
ing site is designated above, or where XC/. or XC// is 
indicated and X is an immunoglobulin variable region, it 
preferably is capable of binding to a predetermined 
antigen. Suitable immunoglobulin combining sites and 
fusion partners are obtained from IgG-K -2. -3, or -4 
subtypes. IgA* IgE, IgD or IgM f but preferably IgG-1. 
The schematic examples above are representative of 
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divalent antibodies; more complex structures would 
result by employing immunoglobulin heavy chain se- 
quences from other classes, e.g. IgM. 

A particularly preferred embodiment is a fusion of an 
N-terminal portion of a LHR. which contains the bind- 
ing site for the endothelium of lymphoid tissue, to the 
C-terminal Fc portion of an antibody, containing the 
effector functions of immunoglobulin Gi. There are 
two preferred embodiments of this sort: in one. the 
entire heavy chain constant region is fused to a portion 
of the LHR: in another, a sequence beginning in the 
hinge region just upstream of the papain cleavage site 
which defines IgG Fc chemically (residue 216. taking 
the first residue of heavy chain constant region to be 
1 1 4 [Kabai et al: "Sequences of Proteins of Immunolog- 
ical Interest" 4th Ed; 1987]. or analogous sites of other 
immunoglobulins) is fused to a portion of the LHR. The 
latter embodiment is described in the Example 4. 

Those compositions of this invention, particularly 
those in which a biologically active portion of a ligand 
binding partner is substituted for the variable region of 
an immunoglobulin chain, are believed to exhibit im- 
proved in vivo plasma half life. These hybrid immuno- 
globulins are constructed in a fashion similar to the 
constructs where a immunoglobulin-like domain is sub- 
stituted for the variable domain of an immunoglobulin, 
see e.g. Capon et al: Nature 337:525-531. 1989. Trau- 
necker et al: Nature 339:68-70. 1989. Gascoigne et al.. 
Proc. Xat. Acad. Scl 84:2936-2^40. 1987. and published 
European application EPO 0 325 224 A2. The hybrid 
immunoglobulins of this invention are also constructed 
in a fashion similar to chimeric antibodies in which a 
variable domain from an antibody of one species is 
substituted for the variable domain of another species 
See. for example. EPO 125 023: Munro. Nature 312: 03 
Dec. 1984); Neuberger et al.. Nature 312: (13 Dec. 
1984); Sharon et al: Nature 309; (24 May 1984): 
Morrison et al; Proc. Natl. Acad. Sci. USA 
81:6851-6S55 (1984); Morrison et al. Science 
229:1202-1207 (1985); and Boulianne et al: Nature 
312:643-646 (13 Dec. 1984). The DNA encoding the 
binding partner is cleaved by a restriction enzyme at or 
proximal to the 3' end of the DNA encoding the desired 
binding partner domain(s) and at a point at or near the 
DNA encoding the N-terminal end of the mature poly- 
peptide (where use of a different leader is contemplated) 
or at or proximal to the N-terminal coding region for 
the binding partner (where a native signal is employed). 
This DNA fragment then is readily inserted into DNA 
encoding an immunoglobulin light or heavy chain con- 
stant region and, if necessary, tailored by deletional 
mutagenesis. Preferably, this is a human immunoglobu- 
lin when the variant is intended for in vivo therapy for 
humans. 

The LHR extracellular domain generally is fused at 
its C-terminus to the immunoglobulin constant region. 
The precise site at which the fusion is made is not criti- 
cal, other sites neighboring or within the extracellular 
region may be selected in order to optimize the secre- 
tion or binding characteristics of the soluble LHR-Ig 
fusion. The optimal site will be determined by routine 
experimentation. The fusion may typically take the 
place of either or both the transmembrane and cytoplas- 
mic domains. 

DNA encoding immunoglobulin light or heavy chain 
constant regions is known or readily available from 
cD.NA libraries or is synthesized. See for example. 
Adams et al.. Biochemistry 19:271 1-2719 (1980); Gough 



et al.. Biochemistrv 19:2702-2710 (1980): Dolby et al: 
P.N.A.S. USA, 77:6027-6031 (1980): Rice el al P.N.A.S 
USA 79:7862-7865 (19S2): Falkner et al; Nature 
298:286-288 (1982): and Morrison et al; Ann. Rev. 

5 Immunol. 2:239-256 (1984). DNA sequences encoding 
the LHR are provided herein. DNA sequences encod- 
ing other desired binding partners which are known or 
readily available from cDNA libraries are suitable in the 
practice of this invention. 

10 DNA encoding a fusion of this invention is trans- 
fected into a host cell for expression. If muhimers are 
desired then the host cell is transformed with DNA 
encoding each chain that will make up the multimer. 
with the host cell optimally being selected to be capable 

15 of assembling the chains of the multimers in the desired 
fashion. If the host cell is producing an immunoglobulin 
prior to transfection then one need only transfeci with 
the binding partner fused to light or to heavy chain to 
produce a heteroantibody. The aforementioned immu- 

20 noglobulins having one or more arms bearing the bind- 
ing partner domain and one or more arms bearing com- 
panion variable regions result in dual specificity for the 
binding partner ligand and for an antigen or therapeutic 
moiety. Multiply cotransformed cells are used with the 

25 above-described recombinant methods to produce poly- 
peptides having multiple specificities such as the hetero- 
letramerie immunoglobulins discussed above. 

In general, it has been found that the fusions are ex- 
pressed intracellular!}* and well secreted, but a great 

30 deal of variation is routinely encountered in the degree 
of secretion of various fusions from recombinant hosts. 

Additionally, procedures are known for producing 
intact heteroantibodies from immunoglobulins having 
different specificities. These procedures are adopted for 

35 the in vitro synthesis or production of heterochimeric 
antibodies by simply substituting the binding panner- 
immunoglobulin chains where an immunoglobulin or 
immunoglobulin hybrid was previously used. • 

In an alternative method for producing a heterofunc- 

40 tional antibody, host cells producing a binding partner- 
immunoglobulin fusion, e.g. transfected myelomas, also 
are fused with B cells or hybridomas which secrete 
antibody having the desired companion specificity for 
an antigen. Heterobifunctional antibody is recovered 

45 from the culture medium of such hybridomas. and thus 
may be produced somewhat more conveniently than by 
conventional in vitro resorting methods (EP 68,763). 

This invention also contemplates amino acid se- 
quence variants -of the LHR or other binding partner. 

50 Amino acid sequence variants of the binding partner are 
prepared with various objectives in mind, including 
increasing the affinity of the binding partner for its 
ligand. facilitating the stability, purification and prepa- 
ration of the binding partner, modifying its plasma half 

55 life, improving therapeutic efficacy and lessening the 
severity or occurrence of side effects during therapeutic 
use of the binding partner. In the discussion below, 
amino acid sequence variants of the LHR are provided 
exemplary of the variants that may be selected for other 

60 ligand binding partners. 

Amino acid sequence variants of the ligand binding 
partner fall into one or more of three classes: Inser- 
tional. substitutional, or deletional variants. These vari- 
ants ordinarily are prepared by site-specific mutagenesis 

65 of nucleotides in the DNA encoding the ligand binding 
partner, by which DNA encoding the variant is ob- 
tained, and thereafter expressing the DNA in recombi- 
nant cell culture. However, fragments haying up to 



about 100- 150 amino acid residues are prepared conve- 
niently by in vitro synthesis. While the following dis- 
cussion in pan refers to LHR. it applies with equal 
effect to any ligand binding partner to the extent it is 
applicable to the structure or function thereof. 5 

The amino acid sequence variants of the LHR are 
predetermined variants not found in nature or naturally 
occurring alleles. The LHR variants typically exhibit 
the same qualitative biological — for example, ligand 
binding — activity as the naturally occurring HuLHR or 10 
MLHR analogue. However, the LHR variants and 
derivatives that are not capable of binding to their li- 
gands are useful nonetheless (a) as a reagent in diagnos- 
tic assays for the LHR or antibodies to the LHR. (b) 
when insolubilized in accord with known methods, as 15 
agents for purifying anti-LHR antibodies from antisera 
or hybridoma culture supernatants. and (c)as immuno- 
gens for raising antibodies to the LHR or as immunoas- 
say kit components (labelled as a competitive reagent 
for the native LHR or unlabeled as a standard for the 20 
LHR assay) so long as at least one LHR epitope remain** 
active. 

While the sire for introducing an amino acid sequence 
variation is predetermined, the mutation per se need not 
be predetermined. For example, in order to optimize the 25 
performance of a mutation at a given site, random or 
saturation mutagenesis (where all 20 possible residues 
are inserted) iv conducted at the target codon and the 
expressed LHR variant is screened for the t optimal com- 
bination of desired activities. Such screening is within ?0 
the ordinary skill in the art. 

Amino acid insertions usually will be on the order of 
about from 1 to 10 amino acid residues; substitutions are 
typically introduced for single residues: and deletions 
will range about from 1 to 30 residues. Deletions or 35 
insertions preferably are made in adjacent pairs, i.e. a 
deletion of 2 residues or insertion of 2 residues. It will be 
amply apparent from the following discussion that sub- 
stitutions, deletions, insertions or any combination 
thereof are introduced or combined to arrive at a final 40 
construct. 

Insertionai amino acid sequence variants of the LHR 
are those in which one or more amino acid residues 
extraneous to the LHR are introduced into a predeter- 
mined site in the target LHR and which displace the 45 
preexisting residues. 

Commonly, insertionai variants are fusions of heterol- 
ogous proteins or polypeptides to the amino or carboxyl 
terminus of the LHR. Such variants are referred to as 
fusions of the LHR and a polypeptide containing a 50 
sequence which is other Than that which is normally 
found in the LHR at the inserted position. Several 
groups of fusions are contemplated herein. 

The novel polypeptides of this invention are useful in 
diagnostics or in purification of the ligand binding part- 55 
ner by immunoaffinity techniques known per se. Alter- 
natively, in the purification of the binding partner, the 
novel polypeptides are used to adsorb the fusion from 
impure admixtures, after which the fusion is eluted and, 
if desired, the binding partner is recovered from the 60 
fusion, e.g. by enzymatic cleavage. 

Desirable fusions of the binding partner, which may 
or may not also be immunologically active, include 
fusions of the mature binding partner sequence with a 
signal sequence heterologous to the binding pannen 65 

In the case of the LHR. and where desired with other 
selected binding proteins, signal sequence fusions are 
employed in order to more expeditiously direct the 
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secretion of the LHR. The heterologous signal replaces 
the native LHR signal, and when the resulting fusion is 
recognized, i.e. processed and cleaved by the host cell, 
the LHR is secreted. Signals are selected based on the 
intended host cell, and may include bacterial yeast, 
mammalian and viral sequences. The native LHR signal 
or the herpes cD glycoprotein signal is suitable for use 
in mammalian expression systems. 

Substitutional variants are those in which at least one 
residue in the FIG. 1 or 2 sequence has been removed 
and a different residue inserted in its place. Such substi- 
tutions generally are made in accordance with the fol- 
lowing Table 1 when it is desired to finely modulate the 
characteristics of the LHR. 



TABLE 1 


Original Residue 


E.\emplar> Substitution* 


Ala 


ser 


Arg 


lys 


Asn 


gin: his 


Asp 


glu 


Cvs 


ser; ala 


Glh 


asn 


Glu 


asp 


Gl> 


pro ' 


Hi* 


asn: gin 


Ik 


leu: val 


Leu 


lie: val 


Ly> 


arc. gin: glu 


Met 


leu: ile 


Phe 


met: leu: tyr 


Ser 


. thr 


Thr 


ser 


Tr r 


tyr 


Tvr 


trp: phe 


Val 


ile: leu 



Novel amino acid sequences, as well as isosteric ana- 
logs (amino acid or otherwise), as included within the 
scope of this invention. 

Substantial changes in function or immunological 
identity are made by selecting substitutions that are less 
conservative than those in Table 1. i.e.. selecting resi- 
dues that differ more significantly in their effect on 
maintaining (a) the structure of the polypeptide back- 
bone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or hydro- 
phobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in gen- 
eral are expected to produce the greatest changes in 
LHR properties will be those in which (a) a hydrophilic 
residue, e.g. seryl or threonyl, is substituted for (or by) 
a hydrophobic residue, e.g. leucyl. isoleucyl, phenylala- 
nyl. valyl or alanyl; (b) a cysteine or proline is substi- 
tuted for"(or by) any other residue: (c) a residue having 
an electropositive side chain, e.g., lysyl, arginyl, or 
histidyl, is substituted for (or by) an electronegative 
residue, e.g., glutamyl or aspartyl; or (d) a residue hav- 
ing a bulky side chain, e.g; phenylalanine, is substituted 
for (or by) one not having a side chain, e.g., glycine. 

Some deletions, insertions, and substitutions will not 
produce radical changes in the characteristics of the 
LHR molecule. However, when it is difficult to predict 
the exact effect of the substitution, deletion or insertion 
in advance of doing so. for example when modifying the 
LHR carbohydrate binding domain or an immune epi- 
tope, one skilled in the art will appreciate that the effect 
will be evaluated by routine screening assays. For ex- 
ample, a variant typically is made by site specific muta- 
genesis of the LHR-encoding nucleic acid, expression 
of the variant nucleic acid in recombinant cell culture 
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and. optionally, purification from the cell culture for 
example by immunoaffinity adsorption on a polyclonal 
anti-LHR column (in order to adsorb the variant by at 
least one remaining immune epitope). The activity of 
the cell lysate or purified LHR variant is then screened 
in a suitable screening assay for the desired characteris- 
tic. For example, a change in the immunological charac- 
ter of the LHR. such as affinity for a given antibody 
such as Mel- 14. is measured by a competitive-type im- 
munoassay. As more becomes known about the func- 
tions in vivo of the LHR other assays will become use- 
ful in such screening. Modifications of such protein 
properties as redox or thermal stability, hydrophobicity. 
susceptibility to proteolytic degradation, or the ten- 
dency to aggregate with carriers or into multimers are 
assayed by methods well known to the artisan. 

Substitutional variants of the LHR also include vari- 
ants where functionally homologous domains of other 
proteins are substituted by routine methods for one or 
more of the above-identified LHR domains. Where the 
variant is a fragment of a particular domain of the LHR, 
it preferably but not necessarily has at least ~- 70<7r 
homology to the corresponding LHR domain as de- 
fined herein. FIGS. 6A-6C may be used by those skilled 
in the art for sources for such suhstituiable domains. For 
example, the flesh fly lectin whose sequence is shown in 
FIG. 6A may be modified to rise to the level of at least 
- 70Cr homology with the carbohydrate binding do- 
main of the LHR. and then substituted for that domain. 
Similarly, coagulation Factor X. whose sequence is 
shown in FIG. 61) may be modified to rise to the level 
of at least - 70 r r homology with the egf-domain of the 
LHR. and then substituted for that domain. Similar 
substitutions may desirably be made for the signal se- 
quence, the complement binding domain, the transmem- 
brane domain, and for the cytoplasmic domain. 

Another class of LHR variants are deletional vari- 
ants. Deletions are characterized by the remov al of one 
or more amino acid residues from the LHR sequence. 
Typically, the transmembrane and cytoplasmic do- 
mains, or only the cytoplasmic domains of the LHR are 
deleted. However, deletion from the LHR C-terminal 
to any other suitable site N-terminal to the transmem- 
brane region which preserves the biological activity or 
immune cross-reactivity of the LHR is suitable. Ex- 
cluded from the scope of deletional variants are the 
protein digestion fragments heretofore obtained in the 
course of elucidating amino acid sequences of the LHR. 
and protein fragments having less than — 70O sequence 
homology to any of the above-identified LHR domains. 

Immunoglobulin fusions may be made with fragments 
of the LHR, such as the complement binding domain, 
the carbohydrate domain, and the epidermal growth 
factor domain. The complement binding domain fusion 
finds usefulness in the diagnosis and treatment of com- 
plement-mediated diseases, as well as in the oligomer- 
ization of the fusion with the LHR or with other com- 
ponents on the lymphocyte surface. 

Deletions of cysteine or other labile residues also may 
be desirable, for example in increasing the oxidative 
stability of the LHR. Deletion or substitutions of poten- 
tial proteolysis sites, e.g. Arg Arg. is accomplished by 
deleting one of the basic residues or substituting one by 
glutaminyl or histidyl residues. 

In one embodiment, the LHR is comprised of the 
carbohydrate binding domain in the absence of a com- 
plement binding domain and/or the egf domain. This 
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embodiment may or may not contain either or both the 
transmembrane and cytoplasmic regions. 

A preferred class of substitutional or deletional vari- 
ants are those involving a transmembrane region of the 
LHR. Transmembrane regions of LHR subunits are 
highly hydrophobic or lipophilic domains that are the 
proper size to span the lipid bilayer of the cellular mem- 
brane. They are believed to anchor the LHR in the cell 
membrane, and allow for homo- or heteropolymeric 
complex formation with the LHR. 

Inactivation of the transmembrane domain of the 
LHR and any other binding partner where one is pres- 
ent, typically by deletion or substitution of transmem- 
brane domain hydroxylation residues, will facilitate 
recovery and formulation by reducing its cellular or 
membrane lipid affinity and improving its aqueous solu- 
bility. If the transmembrane and cytoplasmic domains 
are deleted one avoids the introduction of potentially 
immunogenic epitopes, either by exposure of otherwise 
intracellular polypeptides that might be recognized by 
the body as foreign or by insertion of heterologous 
polypeptides that are potentially immunogenic. Inacti- 
vation of the membrane binding function is accom- 
plished by deletion of sufficient residues to produce a 
substantially hydrophilic hydropathy profile at this site 
or by substituting with heterologous residues which 
accomplish the same result. 

A principal advantage of the transmembrane inacti- 
vated LHR is that it may be secreted into the culture 
medium of recombinant hosts. This variant is soluble in 
body fluids such as blood and does not have an appre- 
ciable affinity for cell membrane lipids, thus considera- 
bly simplifying its recovery from recombinant cell cul- 
ture. 

As a general proposition, all variants will not have a 
functional transmembrane domain and preferably will 
not have a functional cytoplasmic sequence. 

For example, the transmembrane domain may be 
substituted by any amino acid sequence, e.g. a random 
or predetermined sequence of about 5 to 50 serine, thre- 
onine, lysine, arginine. glutamine. aspartic acid and like 
hydrophilic residues, which altogether exhibit a hydro- 
philic hydropathy profile. Like the deletional (trun- 
cated) LHR, these variants are secreted into the culture 
medium of recombinant hosts. 

Examples of HuLHR amino acid sequence variants 
are described in the table below. The residue following 
the residue number indicates the replacement or in- 
serted amino acids. 

1 TABLE 2 



Substitution** 



Deletions 



Insertions 



Arg58— Asp?9; Ly>— Glu 

AlaTl: Ser 

Lys78: Gin 

Aspll6:Glu 

Leu 150: Val 

Hisl6S: Gin 

lie 174: Leu 

Asnl8l: Gin 

Thr211: Ser 

Phe214: Leu 

Ser226: Thr 

Phe244: Met 

Thr2S2: Ser 

llc288. Val 

Lys29$— Lys299 : Arg— Arg 
lle302: Leu 



Gly96— Ile97 
Ami 1 36 
Ser 166 
Ser220 
Asn27! 
Ile296 



67-Glu— Ser— Ala 
83-Gly— Thr— Thr 
209-Asn 

241- Val— Glu- Ami 
292-Tyr— Tyr— Tyr 
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Preferably, the variants represent conservative substi- 
tuiions. It will be understood that some variants may 
exhibit reduced or absent biological activity. These 
variants nonetheless are useful as standards in immuno- 
assays for the LHR so lone as they retain at least one 5 
immune epitope of the LHR. 

Glycosylation variants are included within the scope 
of the HuLHR. They include variants completely lack- 
ing in glycosylation (unglycosylated) and variants hav- 
ing at least one less glycosylated site thari the native ,0 
form (deglycosylated) as well as variants in which the 
glycosylation has been chanced. Included are de- 
glycosylated and unglycosylated amino acid sequence 
variants, deglycosylated and unglycosylated LHR hav- 
ing the native, unmodified amino acid sequence of the 
LHR. and other glycosylation variants. For example, 
substitutional or deletional mutagenesis is employed to 
eliminate the N- or O-linked glycosylation sites of the 
LHR. e.g: the asparagine residue is deleted or substi- ^ 
tuted for by another basic residue such as lysine or 
histidine. Alternatively, flanking residues making up the 
glycosylation site are substituted or deleted, even 
though the asparagine residues remain unchanged, in 
order to prevent glycosylation by eliminating the glyco- ^ 
sylation recognition site. 

Additionally, unglycosylated LHR which has the 
amino acid sequence of the native LHR is produced in 
recombinant prokaryoric cell culture because proka- 
ryotes are incapable of introducing glycosylation into ^ 0 
polypeptides. 

Glycosylation variants are produced by selecting 
appropriate host cells or by in vitro methods. Yeast, for 
example, introduce glycosylation which varies signifi- 
cantly from that of mammalian systems. Similarly. ?? 
mammalian cells having a different species (e.g. ham- 
ster, murine, insect, porcine, bovine or ovine) or tissue 
origin (e.g. lung, liver, lymphoid, mesenchymal or epi- 
dermal) than the source of the LHR are routinely 
screened for the ability to introduce v ariant glycosyla- 40 
tion as characterized for example by elevated levels of 
mannose or variant ratios of mannose, fucose. sialic 
acid, and other sugars typically found in mammalian 
glycoproteins. In vitro processing of the LHR typically 
is accomplished by enzymatic hydrolysis, e.g. neur- 45 
aminidase digestion. 

Covalent modifications of rhe LHR molecule are 
included within the scope hereof. Such modifications 
are introduced by reacting targeted amino acid residues 
of the recovered protein with an organic derivatizing 
agent that is capable of reacting with selected side 
chains or terminal residues, or by harnessing mecha- 
nisms of post-translational modification that function in 
selected recombinant host cells. The resulting covalent 
derivatives are useful in programs directed at identify- 
ing residues important for biological activity, for immu- 
noassays of the LHR or for the preparation of anti-LHR 
antibodies for tmmunoaffinity purification of the recom- 
binant LHR. For example, complete inactivation of the 
biological activity of the protein after reaction with 
ninhydrin would suggest that at least one arginyl or 
lysyl residue is critical for its activity, whereafter the 
individual residues which were modified under the 
conditions selected are identified by isolation of a pep- 
tide fragment containing the modified amino acid resi- 
due. Such modifications are within the ordinary skill in 
the art and are performed without undue experimenta- 
tion. 
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Derealization with Afunctional agents is useful for 
preparing intermodular aggregates of the hybrid im- 
munoglobulin with polypeptides as well as for cross- 
linking the hybrid immunoglobulin to a water insoluble 
support matrix or surface for use in the assay or affinity 
purification of its ligands. In addition, a study of intra- 
chain cross-links will provide direct information on 
conformational structure. Commonly used cross-linking 
agents include l.l-bis(diazoacetyl)-2-phenylethane. glu- 
taraldehyde, N-hydroxysuccinimide esters, for example 
esters with 4-azidosaIicylic acid, homobifunctional 
imidoesters including disuccinimidyi esters such as 3,3'- 
dithiobis (succinimidylpropionate). and bifunctional 
maleimides such as bis-N-maleimido-l,8-octane. 
Derivatizing agents such as methyl-3-[(p-azidophenyD- 
dithio]propioimidateyieldphotoactivatable intermedi- 
ates which are capable of forming cross-links in the 
presence of light. Alternatively, reactive water insolu- 
ble matrices such as cyanogen bromide activated carbo- 
hvdrates and the systems reactive substrates described 
in U.S. Pat. Nos. 3,959,080; 3,969,287; 3.691,016; 
4.195.128: 4,247.642; 4.229.537; 4.055.635; and 4.330.440 
are employed for protein immobilization and cross-link- 
ing. 

Certain post-translational derivatizations are the re- 
sult of the action of recombinant host cells on the ex- 
pressed polypeptide. Glutaminyl and asparaginyl resi- 
dues are frequently post-translationally deamidated to 
the corresponding glutamyl and aspartyl residues. Al- 
ternatively, these residues are deamidated under mildly 
acidic conditions. Either form of these residues falls 
within the scope of this invention. 

Other post-translational modifications include hy- 
droxylaiion of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or threonyl residues, methyl- 
ation of the a-amino groups of lysine, arginine. and 
histidine "side chains (T. E Creighton. Proteins Structure 
and Molecular Properties, W. H. Freeman & Co; San 
Francisco pp 79-86 [1983]). acetylation of the N-termi- 
nal amine and. in some instances, amidation of the C-ter- 
minal carboxyl. 

Other derivatives comprise the novel polypeptides of 
this invention covalently bonded to a nonproteinaceous 
polymer. The nonproteinaceous polymer ordinarily is a 
hydrophilic synthetic polymer, i.e.. a polymer not oth- 
erwise found in nature^ However polymers which exist 
in nature and are produced by recombinant or in vitro 
methods are useful, as are polymers which are isolated 
from nature. Hydrophilic polyvinyl polymers fall 
50 within the scope of this invention, e.g. polyvinylalcohol 
and polyvinylpyrrolidone. Particularly useful are poly- 
alkylene ethers such as polyethylene glycol, polypro- 
pylene glycol, polyoxyethylene esters or methoxy poly- 
ethylene glycol; polyoxyalkylenes such as polyoxyeth- 
55 ylene. polyoxypropylene, and block copolymers of 
polyoxyethylene and polyoxypropylene (Pluronics); 
porymethacrylates; carbomers; branched or unbranched 
polysaccharides which comprise the saccharide mono- 
mers D-mannose, D- and L-galactose, fucose, fructose. 
60 D-xylose, L-arabinose. D-glucuronic acid, sialic acid, 
D-galacturonic acid. D-mannuronic acid (e.g. polyman- 
nuronic acid, or alginic acid), D-glucosamine, D-galac- 
tosamine, D-glucose and neuraminic acid including 
homopolysaccharides and heteropolysaccharides such 
65 as lactose, amylopectin. starch, hydroxyethyl starch, 
amylose. dextran sulfate, dextran. dextrins glycogen, or 
the polysaccharide subunit of acid mucopoly, saccha- 
rides, e.g. hyaluronic acid; polymers of sugar alcohols 



5.116,964 

23 - 24 

such as polysorbitol and polymannitol; and heparin or polymers are suitable. Substituted oligosaccharides are 

heparon. particularly advantageous because, in general, there are 

Where the polysaccharide is the native glycosylation fewer substitutions than amino acid sites for derivatiza- 

or the glycosylation attendant on recombinant expres- tion. and the oligosaccharide products thus will be more 

sion. the site of substitution may be located at other than 5 homogeneous. The oligosaccharide substituents also are 

a native N- or O-linked glycosylation. site wherein an optionally modified by enzyme digestion to remove 

additional or substitute N or O-linked site has been sugars, e.g. by neuraminidase digestion, prior to poly- 

introduccd into the molecule. Mixtures of such poly- mer derealization. 

mers may be employed, or the polymer may be homo- The polymer will bear a group which is directly 
geneous. The polymer prior to crosslinking need not be. 10 reactive with an amino acid side chain, or the N- or C- 
but preferably is. water soluble, but the final conjugate terminus of the polypeptide herein, or which is reactive 
must be water soluble. In addition, the polymer should with the multifunctional cross-linking agent. In general, 
not be highly immunogenic in the conjugate form, nor polymers bearing such reactive groups are known for 
should it possess viscosity that is incompatible with the preparation of immobilized proteins. In order to use 
intravenous infusion or injection if it is intended to be 15 such chemistries here, one should employ a water solu- 
administered by such routes. ble polymer otherwise derivatized in the same fashion 
Preferably the polymer contains only a single group as insoluble polymers heretofore employed for protein 
which is reactive. This helps to avoid cross-linking of immobilization. Cyanogen bromide activation is a par- 
protein molecules. However, it is within the scope ticularly useful procedure to employ in crosslinking 
herein to optimize reaction conditions to reduce cross- 20 polysaccharides. 

linking, or to purify the reaction products through gel "Water soluble" in reference to the starling polymer 

filtration or chromatographic sieves to recover substan- means that the polymer or its reactive intermediate used 

rially homogeneous derivatives. for conjugation is sufficiently water soluble to partici- 

The molecular weight of the polymer may desirably pate in a derealization reaction, 

range from about 100 to 500.000. and preferably is from 25 "Water soluble" in reference to the polymer conju- 

about 1 .000 to 20.000. The molecular weight chosen gate means ihat the conjugate is soluble in physiological 

will depend upon the nature of the polymer and the fluids such as blood. 

degree of substitution. In general the greater the hydro- The degree of substitution with such a polymer will 

philicity of the polymer and the greater the degree of vary depending upon the number of reactive sites on the 

substitution, the lower the molecular weight that can be 30 protein, whether all or a fragment of the protein is used, 

employed. Optimal molecular weights will be deter- whether the protein is a fusion with a heterologous 

mined by routine experimentation. protein, the molecular weight, hydrophilicity and other 

The polymer generally is covalently linked to the characteristics of the polymer, and the particular pro- 
hybrid immunoglobulin herein through a multifunc- tein derealization sites chosen. In general, the conju- 
tional crosslinking agent which reacts with the polymer 35 gate contains about from 1 to 10 polymer molecules, 
and one or more amino acid or sugar residues of the while any heterologous sequence may be substituted 
hybrid. However, it is within the scope of this invention with an essentially unlimited number of polymer mole- 
to directly crosslink the polymer by reacting a deriva- cules so long as the desired activity is not significantly 
tized polymer with the hybrid, or vice versa. adversely affected. The optimal degree of crosslinking 

The covalent crosslinking site on the hybrid immuno- 40 is easily determined by an experimental matrix in which 

globulin includes the N-terminal amino group and epsi- the time, temperature and other reaction conditions are 

Ion amino groups found on lysine residues, as well as varied to change the degree of substitution, after which 

other amino, imino. carboxyl. sulfhydryl. hydroxyl or the ability of the conjugates to function in the desired 

other hydrophilic groups. The polymer may be cova- fashion is determined. 

lently bonded directly to the hybrid without the use of 45 The polymer, e.g. PEG. is crosslinked by a wide 
a multifunctional (ordinarily bifunctional) crosslinking variety of methods known per se for the covalent modi- 
agent. Covalent bonding to amino groups is accom- fication of proteins with nonproteinaceous polymers 
plished by known chemistries based upon cyanuric such as PEG. Certain of these methods, however, are 
chloride, carbonyl diimidazole. aldehyde reactive not preferred for the purposes herein. Cyanuric chlo- 
groups (PEG alkoxide plus diethyl acetal of bromoace- 50 ride chemistry leads to many side reactions, including 
taldehyde; PEG plus DMSO and acetic anhydride, or protein cross-linking. In addition, it may be particularly 
PEG chloride plus the phenoxide of 4-hydroxyben- likely to lead to inactivation of proteins containing sulf- 
zaldehyde. succinimidyl active esters, activated dithio- hydryl groups. Carbonyl diimidazole chemistry (Beau- 
carbonate PEG. 2.4.5-trichlorophenylchloroformate or champ et al.. "'Anal. Biochem." 131:25-33 [1983]) re- 
p-nitrophenylchloroformate activated PEG. Carboxyl 55 quires high pH (>8.5). which can inactivate proteins, 
groups are derivatized by coupling PEG-amine using Moreover, since the "activated PEG'* intermediate can 
carbodiimide react" with water, a very large molar excess of "acti- 
Polymers are conjugated to oligosaccharide groups vated PEG" over protein is required. The high concen- 
by oxidation using chemicals, e.g. meiaperiodate. or trations of PEG required for the carbonyl diimidazole 
enzymes, e.g. glucose or galactose oxidase, (either of 60 chemistry also led to problems with purification, as 
which produces the aldehyde derivative of the carbohy- both gel filtration chromatography and hydrophobic 
drate). followed by reaction with hydrazide or amino- interaction chromatography are adversely effected. In 
derivatized polymers, in the same fashion as is described addition, the high concentrations of "activated PEG" 
by Heitzmann et al., P.N.A.S: 71:3537-3541 (1974) or may precipitate protein, a problem that par se has been 
Bayer et al; Methods in Enzymology. 62:310(1979). for 65 noted previously (Davis. U.S. Pat. No. 4,179,337). On 
the labeling of oligosaccharides with biotin or avidin. the other hand, aldehyde chemistry (Royer, U.S. Pat. 
Further, other chemical or enzymatic methods which No. 4,002.531) is more efficient since it requires only a 
have been used heretofore to link oligosaccharides and 40 fold molar excess of PEG and a 1-2 hr incubation. 
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However, the manganese dioxide suggested by Royer 
for preparation of the PEG aldehyde is problematic 
"because of the pronounced tendency of PEG to form 
complexes with metal-based oxidizing agents" (Harris 
el al: "J. Polym. Sci.. Polym. Chem. Ed." 22:341-352 5 
[1984]). The use of a moffatt oxidation, utilizing DMSO 
and acetic anhydride, obviates this problem. In addi- 
tion, the sodium borohydride suggested by Royer must 
be used at a high pH and has a significant tendency to 
reduce disulfide bonds. In contrast, sodium cyanoboro- 10 
hydride, which is effective at neutral pH and has very 
little tendency to reduce disulfide bonds is preferred. 

The conjugates of this invention are separated from 
unreacted starting materials by gel filtration. Heterolo- 
gous species of the conjugates are purified from one 15 
another in the same fashion. 

The polymer also may be water insoluble, as a hydro- 
philic gel or a shaped article such as surgical tubing in 
the form of catheters or drainage conduits. 

DNA encoding the LHR and other ligand binding 20 
partners is synthesized by in vitro methods or is ob- 
tained readily from lymphocyte c DNA libraries. The 
means for synthetic creation of the DNA encoding the 
LHR. either by hand or with an automated apparatus, 
are generally known to one of ordinary skill in the art. 25 
particularly in light of the teachings contained herein. 
As examples of the current state of the art relating to 
polynucleotide synthesis, one is directed to Maniatis st 
al.. Molecular Gloning — Laboratory Manual Cold 
Spring Harbor Laboratory (1984). and Horvath et al.. 30 
An Automated DSA Synthesizer Employing Deoxynucleo- 
side y-Phosphoramidiies. Methods in Enzymology 154; 
313-326. 1**87. hereby specifically incorporated by ref- 
erence. 

Alternatively, to obtain DNA encoding the LHR 35 
from sources other than murine or human, since the 
entire DNA sequence for the preferred embodiment of 
the HuLHR (FIG. 1) and of the MLHR (FIG. 2) are 
given, one needs only to conduct hybridization screen- 
ing with labelled DNA encoding either HuLHR or 40 
MLHR or fragments thereof (usually, greater than 
about 20. and ordinarily about 50 bp) in order to detect 
chines which contain homologous sequences in the 
cDNA libraries derived from the lymphocytes of the 
particular animal, followed by analyzing the clones by 45 
restriction enzyme analysis and nucleu acid sequencing 
to identify full length clones. If full length clones are not 
present in the library, then appropriate fragments are 
recovered from the various clones and ligated at restric- 
tion sites common to the fragments to assemble a full- 50 
length clone. DNA encoding the LHR from other ani- 
mal species is obtained by probing libraries from such 
species with the human or murine sequences, or by 
synthesizing the genes in vitro. DNA for other binding 
partners having known sequence may be obtained with 55 
the use of analogous routine hybridization procedures. 

Provided herein are nucleic acid sequences that hy- 
bridize under stringent conditions to a fragment of the 
DNA sequence in FIG. 1 or FIG. 2, which fragment is 
greater than about 10 bp. preferably 20-50 bp, and even 60 
greater than 100 bp. Also included within the scope 
hereof are nucleic acid sequences that hybridize under 
stringent conditions to a fragment of the LHR other 
than the signal, or transmembrane, or cytoplasmic do- 
mains. 65 

Included also within the scope hereof are nucleic acid 
probes w hich are capable of hybridizing under stringent 
conditions to the cDNA of the LHR or to the genomic 



gene for the LHR (including introns and 5' or 3* flank- 
ing regions extending to the adjacent genes or about 
5.000 bp. whichever is greater). 

Identification of the genomic DNA for the LHR or 
other binding partner is a straight-forward matter of 
probing a particular genomic library with the cDNA or 
its fragments which have been labelled with a detect- 
able group, e.g. radiophosphorus, and recovering clo- 
ne(s) containing the gene. The complete gene is pieced 
together by "walking" if necessary. Typically, such 
probes do not encode sequences with less than 709Z- 
homology to HuLHR or MLHR. and they range from 
about from 10 to 100 bp in length. Homologies and sizes 
with respect to other binding partners may be deter- 
mined without undue experimentation. 

In general, prokaryotes are used for cloning of DNA 
sequences in constructing the vectors useful in the in- 
vention. For example, E. colt K12 strain 294 (ATCC 
No. 31446) is particularly useful. Other microbial strains 
which may be used include E. coli B and £". colt XI 776 
(ATCC No. 31537). These examples are illustrative 
rather than limiting. Alternatively, in vitro methods of 
cloning, e.g. polymerase chain reaction, are suitable. 

The polypeptides of this invention are expressed di- 
rectly in recombinant cell culture as an N-terminal 
methionyl analogue, or as a fusion with a polypeptide 
heterologous to the hybrid/portion, preferably a signal 
sequence or other polypeptide having a specific cleav- 
age site at the N-terminus of the hybrid/portion. For 
example, in constructing a prokaryotic secretory ex- 
pression vector for the LHR. the native LHR signal is 
employed with hosts that recognize that signal. When 
the secretory leader is "recognized" by the host, the 
host signal peptidase is capable of cleaving a fusion of 
the leader polypeptide fused at its G-terminus to the 
desired mature LHR. For host prokaryotes that do not 
process the LHR signal, the signal is substituted by a 
prokaryotic signal selected for example from the group 
of the alkaline phosphatase, penicillinase, lpp or heat 
stable enterotoxin II leaders. For yeast secretion the 
human LHR signal may be substituted by the yeast 
invertase. alpha factor or acid phosphatase leaders. In 
mammalian cell expression the native signal is satisfac- 
tory for mammalian LHR. although other mammalian 
secretory protein signals are suitable, as are viral secre- 
tory leaders, for example the herpes simplex gD signal. 

The novel polypeptides may be expressed in any host 
cell, but preferably are synthesized in mammalian hosts. 
However, host cells from prokaryotes. fungi, yeast, 
insects and the like are also are used for expression. 
Exemplary prokaryotes are the strains suitable for clon- 
ing as well as E. coli W3110 (F-.X~, prototrophic, 
ATTC No. 27325), other enterobacteriaceae such as 
Serratia marcescans, bacilli and various pseudomonads. 
Preferably the host cell should secrete minimal amounts 
of proteolytic enzymes. 

Expression hosts typically are transformed with 
DNA encoding the hybrid which has been ligated into 
an expression vector. Such vectors ordinarily carry a 
replication site (although this is not necessary where 
chromosomal integration will occur). Expression vec- 
tors also include marker sequences which are capable of 
providing phenotypic selection in transformed cells, as 
will be discussed further below. For example, E. coli is 
typically transformed using pBR322, a plasmid derived 
from an E. coli species (Bolivar, et al.. Gene 2: 95 
[1977]). pBR322 contains genes for ampicillin and tetra- 
cycline resistance and thus provides easy means for 
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identifying transformed cells, whether for purposes of 
cloning or expression. Expression vectors also opti- 
mally will contain sequences which are useful for the 
control of transcription and translation, e.g: promoters 
and Shine-Dalgarno sequences (for prokaryotes) or 5 
promoters and enhancers (for mammalian cells). The 
promoters may be, but need not be. inducible: surpris- 
ingly, even powerful constitutive promoters such as the 
CMV promoter for mammalian hosts have been found 
to produce the LHR without host cell toxicity. While it 10 
is conceivable that expression vectors need not contain 
any expression control, replicalive sequences or selec- 
tion genes, their absence may hamper the identification 
of hybrid transformants and the achievement of high 
level hybrid immunoglobulin expression. 15 

Promoters suitable for use with prokaryotic hosts 
illustratively include the ^-lactamase and lactose pro- 
moter svstems (Chang at a).. "Nature", 275: 615 [1978]; 
and Go'eddcl et al: "Nature" 2S1 : 544 [1979]). alkaline 
phosphatase, the tryptophan (trp) promoter system 20 
(Goeddel "Nucleic Acids Res." 8: 4057 [1980]and EPO 
Appln. Publ. No. 36.776) and hybrid promoters such as 
the tac promoter (H. de Boer et al.. "Proc. Nail. Acad. 
Sci. USA" 80: 21-25 [1983]). However, other functional 
bacterial promoters are suitable. Their nucleotide se- 25 
quences are generally known, thereby enabling a skilled 
worker operably to ligate them to DNA encoding the 
LHR (Siebenlist et al: "GelF 20:269 [1980]) using link- 
ers or adaptors to supply any required restriction sites. 
Promoters for use in bacterial systems also will contain 30 
a Shine-Dalgarno (S.D.) sequence operably linked to 
the DNA encoding the LHR. 

In addition to prokaryotes. eukaryotic microbes such 
as yeast or filamentous fungi are satisfactory. Saccharo- 
myct's ccrevisiae is the most commonly used eukaryotic 35 
microorganism, although a number of other strains are 
commonly available. The plasmid YRp" is a satisfactory 
expression vector in yeast (Stinchcomb. et al.. Nature 
282: 39 [1979]: Kinc'sman et al. Gene 7: 141 [1979]: 
Tschemper et al: Gene 10: 157 [1980]). This plasmid 40 
already contains the trpl gene which prov ides a selec- 
tion marker for a mutant strain of yeast lacking the 
ability to grow in tryptophan, for example ATCC no. 
44076 or PEP4-1 (Jones. Genetics 85: 12 [1977]). The 
presence of the trpl lesion as a characteristic of the yeast 45 
host cell genome then provides an effective environ- 
ment for delecting transformation by growth in the 
absence of tryptophan. 

Suitable promoting sequences for use with yeast hosts 
include the promoters for 3-phosphoglycerate kinase 50 
(Hitzeman et al: "J. Biol. Chem." 255: 2073 (1980]) or 
other glycolytic enzymes (Hess et al.. "J. Adv. Enzyme 
Reg." 7: 149 [1968]:* and Holland. "Biochemistry" 17: 
4900 [1978]). such as enolase. glyceraldehyde-3-phos- 
phate dehydrogenase, hexokinase. pyruvate decarbox- 55 
ylase, phosphofructokinase, glucose-6-phosphateisome- 
rase. 3-phosphogIycerate mutase. pyruvate kinase, tri- 
osephosphate isomerase, phosphoglucose isomerase, 
and glucokinase. 

Other yeast promoters, which are inducible promot- 60 
ers having the additional advantage of transcription 
controlled by growth conditions, are the promoter re- 
gions for alcohol dehydrogenase 2. isocytochrome C, 
acid phosphatase, degradative enzymes associated with 
nitrogen metabolism, metallothionein. glyceraldehyde- 65 
3-phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors 
and promoters for use in yeast expression are further 



described in R. Hitzeman et al.. European Patent Publi- 
cation No. 73.657A. 

Expression control sequences are known for eucary- 
otes. Virtually all eukaryotic genes have an AT-rich 
region located approximately 25 to 30 bases upstream 
from the site where transcription is initiated. Another 
sequence found 70 to 80 bases upstream from the start of 
transcription of many genes is a CXCAAT region 
where X may be any nucleotide. At the 3' end of most 
eukaryotic genes is an A ATA A A sequence which may 
be the signal for addition of the poly A tail to the 3' end 
of the coding sequence. All of these sequences are in- 
serted into mammalian expression vectors. 

Suitable promoters for controlling transcription from 
vectors in mammalian host cells are readily obtained 
from various sources, for example, the genomes of vi- 
ruses such as polyoma virus, SV40, adenovirus, MMV 
(steroid inducible), retroviruses (e.g. the LTR of HIV). 
hepatitis-B virus and most preferably cytomegalovirus, 
or from heterologous mammalian promoters, e.g. the 
beta actin promoter. The early and late promoters of 
SV40 are conveniently obtained as an SV40 restriction 
fragment which also contains the SV40 viral origin of 
replication. Fiers et al.. Nature, 273: 113 (1978). The 
immediate early promoter of the human cytomegalovi- 
rus is conveniently obtained as a Hindlll E restriction 
fragment. Greenaway. P. J. et al.. Gene 18: 355-360 
(1982). 

Transcription of a DNA encoding the hybrid immu- 
noglobulin and/or hybrid portions by higher euka- 
ryotes is increased by inserting an enhancer sequence 
into the vector. Enhancers are cis-acting elements of 
DNA. usually about from 10-300bp. that act on a pro- 
moter to increase its transcription. Enhancers are rela- 
tively orientation and position independent having been 
found 5' (Laimins, L. et al.. PNAS 78: 993 [1981]) and 3' 
(Lusky. M. L.. et al.. Mol. Cell Bio. 3: 1108 [1983]) to 
the transcription unit, within an intron (Banerji. J. L. et 
al.. Cell 33: 729 [1983]) as well as within the coding 
sequence itself (Osborne. T. F.. et al.. Mol. Cell Bio. 4: 
1293 [1984]). Many enhancer sequences are now known 
from mammalian genes (globin, elastase. albumin, a- 
fetoprotein and insulin). Typically, however, one will 
use an enhancer from a eukaryotic cell virus. Examples 
include the SV40 enhancer on the late side of the repli- 
cation origin (bp 100-270). the cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late 
side of the replication origin, and adenovirus enhancers. 

Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human or nucleated 
cells from other multicellular organisms) will also con- 
tain sequences necessary for the termination of tran- 
scription which may affect mRNA expression. These 
regions are transcribed as polyadenylated segments in 
the untranslated portion of the mRNA encoding the 
hybrid immunoglobulin. The 3' untranslated regions 
also include transcription termination sites. 

Expression vectors may contain a selection gene, also 
termed a selectable marker. Examples of suitable select- 
able markers for mammalian cells are dihydrofolate 
reductase (DHFR), thymidine kinase (TK) or neomy- 
cin. When such selectable markers are successfully 
transferred into a mammalian host cell, the transformed 
mammalian host cell is able to survive if placed under 
selective pressure. There are two widely used distinct 
categories of selective regimes. The first category is 
based on a cell's metabolism and the use of a mutant cell 
line which lacks the ability to grow independent of a 
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supplemented media. Two examples are CHO DHFR- 
cells and mouse LTK ~ cells. These cells lack ihe ability 
to grow without the addition of such nutrients as thymi- 
dine or hypoxanthine. Because these cells lack certain 
genes necessary for a complete nucleotide synthesis 5 
pathway, they cannot survive unless the missing nucleo- 
tides are provided in a supplemented media. An alterna- 
tive to supplementing the media is to introduce an intact 
DHFR or TK gene into cells lacking the respective 
genes, thus altering their growth requirements. Individ- 
ual cells which were not transformed with the DHFR 
or TK gene will not be capable of survival in non sup- 
plemented media. 

The second category of selective regimes is dominant 
selection which refers to a selection scheme used in any 
cell type and does not require the use of a mutant cell 
line. These schemes typically use a drug to arrest 
growth of a host cell. Those cells which are successfully 
transformed with a heterologous gene express a protein 
conferring drug resistance and thus survive the selec- 
tion regimen. Examples of such dominant selection use 
the drugs neomycin (Southern et a).. J. Molec. AppL 
Genet. 1: 327 ( 19S2)>. mycophenolic acid (Mulligan et 
al.. Science 209; 1422 (1980)) or hygromycin (Sugden et 
al.. Moi. Cell. Biol. 5: 410-413 (1985)). The three exam- 
ples given above employ bacterial genes under eukary- 
otic control to convey resistance to the appropriate 
drug G418 or neomycin (geneticin). xgpt (mycophe- 
nolic acid) or hygromycin. respectively. 

Suitable eukaryotic host cells for expressing the hy- 
brid immunoclobulin include monkey kidney CV1 line 
transformed by SV40 (COS-7. ATCC CRL 1651); 
human embryonic kidney line (293 or 293 cells sub- 
cloned for growth in suspension culture. Graham. F. L. 
et al.. J. Gen Virol. 36: 59 [1977]); baby hamster kidney 
cells (BHK. ATCC CCL 10): Chinese hamster ovary- 
cells-DHFR (CHO. Urlaub and Chasin. PNAS (USA) 
77: 4216. [1980]): mouse Sertoli cells (TM4. Mather. J. 
P.. Biol. Reprod. 23: 243-251 [1980]): monkey kidney 
cells (CY1 ATCC CCL 70): african green monkey 
kidney cells (VERO-76. ATCC CRL-1587): human 
cervical carcinoma cells (HELA. ATCC CCL 2): ca- 
nine kidnev cells (MDCK. ATCC CCL 34); buffalo rat 
liver cells (BRL 3A. ATCC CRL 1442): human lung 
cells (W138. ATCC CCL 75): human liver cells (Hep 
G2, HB 8065): mouse mammary tumor (MMT 060562. 
ATCC CCL51): and. TRI cell's (Mather. J. P. et al.. 
Annals N Y. Acad. Sci. 383: 44-68 [1982]). 

Construction of suitable vectors containing the de- 
sired coding and control sequences employ standard 
ligation techniques. Isolated plasmids or DNA frag- 
ments are cleaved, tailored, and religated in the form 
desired to form the plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures are used to transform 
E. coli K12 strain 294 (ATCC 31446) and successful 
transformants selected by ampicillin or tetracycline 
resistance where appropriate. Plasmids from the trans- 
formants are prepared, analyzed by restriction and/or 
sequenced by the method of Messing et al.. Nucleic 
Acids Res. 9: 309 (1981) or by the method of Maxam et 
al.. Methods in Enzymology 65: 499 (1980). 

Host cells are transformed with the expression vec- 
tors of this invention and cultured in conventional nutri- 
ent media modified as appropriate for inducing promot- 
ers, selecting transformants or amplifying the genes 
encoding the desired sequences. The culture conditions, 
such as temperature, pH and the like, are those previ- 
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ously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 

The host cells referred to in this disclosure encompass 
cells in in vitro culture as well as cells which are within 
a host animal. 

"Transformation*" means introducing DNA into an 
organism so that the DNA is replicable. either as an 
extrachromosomal element or by chromosomal integra- 
tion. Unless indicated otherwise, the method used 
10 herein for transformation of the host cells is the method 
of Graham. F. and van der Eb. A.. Virology 52: 
456-457 (1973). However, other methods for introduc- 
ing DNA into cells such as by nuclear injection or by 
protoplast fusion may also be used. If prokaryotic cells 
15 or cells which contain substantial cell wall construc- 
tions are used, the preferred method of transfection is 
calcium treatment using calcium chloride as described 
bv Cohen. F. N. et al., Proc. Natl. Acad. Sci. (USA). 69: 
2110 (1972). 

20 "Transfection" refers to the introduction of DNA 
into a host cell whether or not any coding sequences are 
ultimately expressed. Numerous methods of transfec- 
tion are known to the ordinarily skilled artisan, for 
example. CaPOa and electro-poration. Transformation 
25 of the host cell is the indicia of successful transfection. 
The novel polypeptide is recov ered and purified from 
recombinant cell cultures by known methods, including 
ammonium sulfate or ethanol precipitation, acid extrac- 
tion, anion or cation exchange chromatography, phos- 
30 phocellulose chromatography, immunoaffinity chroma- 
tography, hydroxyapatite chromatography and lectin 
chromatography. Other known purification methods 
within the scope of this invention utilize immobilized 
carbohydrates, epidermal growth factor, or comple- 
35 ment domains. Moreover, reverse-phase HPLC and 
chromatography using ligands for the hybrid immuno- 
globulin are useful for the purification of the hybrid. 
Desirably, low concentrations (approximately 1-5 mM) 
of calcium ion may be present during purification. The 
40 LHR may preferably be purified in the presence of a 
protease inhibitor such as PMSF. 

The LHR-immunoglobulin hybrid is employed thera- 
peutically to compete with the normal binding of lym- 
phocytes to lymphoid tissue. The hybrid is therefore 
45 particularly useful for organ or graft rejection, and for 
the treatment of patients with infiammations v such as are 
for example due to rheumatoid arthritis or other autoim- 
mune diseases. The LHR-immunoglobulin hybrid also 
finds application in the control of lymphoma metastasis, 
50 and in treating conditions in which there is an accumu- 
lation of lymphocytes. 

LHR-immunoglobulin hybrid heterodimers and 
heterotetramers are employed in the targeting of thera- 
peutic moieties to lymphoid tissues. For example, a 
55 hybrid immunoglobulin consisting of one LHR-IgG 
chain and one CD4-IgG chain can be used to target 
CD4 IgG to tissues infected by the viruses such as the 
human immunodeficiency virus (HIV). Because this 
hybrid binds to endothelial tissue not only in lymph 
60 nodes, but in secondary lymphoid organs such as Fey- 
er's patches and in the brain, it may be used for delivery 
of CD4-IgG across the blood-brain barrier for the treat- 
ment of HIV-related dementia. Similarly, a heterotet- 
rameric immunoglobulin having a LHR-ricin-or CD4ri- 
65 cin-immunoglobulin as described herein is used to de- 
liver a toxin such as ricin to desired tissues. 

In this fashion, selection of ligand binding partners 
with specific affinity for particular tissues clearly en- 
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hances the ability to deliver therapeutic agents which 
are stable, have relatively long half-lives, and are capa- 
ble of precise tailoring without undue experimentation. 

The novel polypeptide is placed into sterile, isotonic 
formulations together with required cof actors, and op- 5 
tionally are administered by standard means well 
known in the field. The formulation is preferably liquid, 
and is ordinarily a physiologic salt soluiion containing 
0.5-10 mM calcium, non-phosphate buffer at pH 
6.8-7.6. or may. be lyophilized powder. 10 

It is envisioned that intravenous delivery, or delivery 
ihrough catheter or other surgical tubing will be the 
primary route for therapeutic administration. Alterna- 
tive routes include tablets and the like, commercially 
available nebulizers for liquid formulations, and inhala- 15 
tion of lyophilized or aerosolized receptors. Liquid 
formulations may be utilized after reconstitution from 
powder formulations. 

The novel polypeptide may also be administered via 
microspheres, liposomes, other microparticulate deliv- 20 
ery systems or sustained release formulations placed in 
certain tissues including blood. Suitable examples of 
sustained release carriers include semipermeable poly- 
mer matrices in the form of shaped articles, e.g. supposi- 
tories, or microcapsules. Implantable or microcapsular 25 
sustained release matrices include polylactides (U.S. 
Pat. No. 3.773.919. EP 58.481) copolymers of L- 
glutamic acid and gamma ethyl-L-glulamate (U. Sid- 
man et al.. 1985. Biopolymers 22(1): 547-556). poly 
(2-hydroxyethyI-methacrylate) or ethylene vinyl ace- 30 
tate (R. Langer et al.. 19S1. J. Biomed. Mater Res. 15: 
167-277 and*R. Langcr. 1982. Chem. Tech. 12: 98-105). 
Liposomes containing the hybrid immunoglobulin are 
prepared by well-known methods: DE 3,2 18. 121 A.. 
Epstein et 'al. 1985. Proc. Natl. Acad. Sci. USA. 35 
82:3688-3692: Hwang et al.. 1980. Proc. Natl. Acad. 
Sci. USA. 77:4030-4034: EP 52322A: EP 36676A; EP 
88046A: EP 143949A: EP 142541 A: Japanese patent 
application 83-11808; U.S. Pat. Nos. 4.485.045 and 
4.544.545: and UP 102.342A. Ordinarily the liposomes 40 
are of the small (about 200-800 Angstroms) unilamelar 
type in which the lipid content is greater than about 30 
mol. cholesterol, the selected proportion being ad- 
justed for the optimal rate of the polypeptide leakage. 

Sustained release polypeptide preparations are im- 45 
planted or injected into proximity to the site of inflam- 
mation or therapy, for example adjacent to arthritic 
joints or peripheral lymph nodes. 

The dose of the novel polypeptide administered will 
be dependent upon the properties of the hybrid em- 50 
ployed, e.g. its binding activity and in vivo plasma half- 
life, the concentration of the hybrid in the formulation, 
the administration route for the hybrid, the site and rate 
of dosage, the clinical tolerance of the patient involved, 
the pathological condition afflicting the patient and the 55 
like, as is well within the skill of the physician. 

The polypeptides of this invention may also be ad- 
ministered along with other pharmacologic agents used 
to treat the conditions listed above, such as antibiotics, 
anti-inflammatory agents, and anti-tumor agents. It may 60 
also be useful to administer the polypeptide along with 
other therapeutic proteins such as gamma-interferon 
and other immunomodulators. 

In order to facilitate understanding of the following 
examples certain frequently occurring methods and/or 65 
terms will be described. 

"Plasmids" are designated by a lower case p preceded 
and/or followed by capital letters and/or numbers. The 



starting plasmids herein are either commercially avail- 
able, publicly available on an unrestricted basis, or can 
be constructed from available plasmids in accord with 
published procedures. In addition, equivalent plasmids 
to those described are known in the art and will be 
apparent to the ordinarily skilled artisan. 

In particular, it is preferred that these plasmids have 
some or all of the following characteristics: (1) possess 
a minimal number of host-organism sequences: (2) be 
stable in the desired host; (3) be capable of being present 
in a high copy number in the desired host; (4) possess a 
regulatable promoter; and (5) have at least one DNA 
sequence coding for a selectable trail present on a por- 
tion of the plasmid separate from that where the novel 
DNA sequence will be inserted. Alteration of plasmids 
to meet the above criteria are easily performed by those 
of ordinary skill in the art in light of the available litera- 
ture and the teachings herein. It is to be understood that 
additional cloning vectors may now exist or will be 
discovered which have the above-identified properties 
and are therefore suitable for use in the present inven- 
tion and these vectors are also contemplated as being 
within the scope of this invention. 

"Digestion" of DNA refers to catalytic cleavage of 
the DNA with a restriction enzyme that acts only at 
certain sequences in the DNA. The various restriction 
enzymes used herein are commercially available and 
their reaction conditions, cofactors and other require- 
ments were used as would be known to the ordinarily 
skilled artisan. For analytical purposes, typically 1 u,g of 
plasmid or DNA fragment is used with about 2 units of 
enzyme in about 20 u.1 of buffer solution. For the pur- 
pose of isolating DNA fragments for plasmid construc- 
tion, typically 5 to 50 fig of DNA are digested with 20 
to 250 units of enzyme in a larger volume. Appropriate 
buffers and substrate amounts for particular restriction 
enzymes are specified by the manufacturer. Incubation 
times of about 1 hour at 37* C. are ordinarily used, but 
may vary in accordance with the supplier's instructions. 
After digestion the reaction is elect rophoresed directly 
on a polyacrylamide gel to isolate the desired fragment. 

Size separation of the cleaved fragments is performed 
using 8 percent polyacrylamide gel described by Goed- 
del. D. et al.. Nucleic Acids Res., 8: 4057 (1980). 

"Dephosphorylation" refers to the removal of the 
terminal 5' phosphates by treatment with bacterial alka- 
line phosphatase (BAP). This procedure prevents the 
two restriction cleaved ends of a DNA fragment from 
"circularizing" or forming a closed loop that would 
impede insertion of another DNA fragment at the re- 
striction site. Procedures and reagents for dephosphory- 
lation are conventional. Maniatis, T. et al., Molecular 
Cloning pp. 133-134 (1982). Reactions using BAP are 
carried out in 50 mM Tris at 68° C. to suppress the 
activity of any exonucleases which are present in the 
enzyme preparations. Reactions are run for 1 hour. 
Following the reaction the DNA fragment is gel puri- 
fied. 

"Oligonucleotides" refers to either a single stranded 
polydeoxynucleotide or two complementary polydeox- 
ynucleotide strands which may be chemically synthe- 
sized. Such synthetic oligonucleotides have no 5' phos- 
phate and thus will not ligate to another oligonucleotide 
without adding a phosphate with an ATP in the pres- 
ence of a kinase. A synthetic oligonucleotide will ligate 
to a fragment that has not been dephosphorylated. 

"Ligation" refers to the process of forming phos- 
phodiester bonds between two double stranded nucleic 



acid fragments (Maniatis. T. et ah. Id., p. 146). Unless 
otherwise provided, ligation is accomplished using 
known buffers and conditions with 10 units of T4 DNA 
ligase ("ligase") per 0.5 u.g of approximately equimolar 
amounts of the DNA fragments to be Iigated. 5 

"Filling** or "blunting" refers to the procedures by 
which the single stranded end in the cohesive terminus 
of a restriction enzyme-cleaved nucleic acid is con- 
verted to a double strand. This eliminates the cohesive 
terminus and forms a blunt end. This process is a versa- io 
lile tool for converting a restriction cut end that may be 
cohesive with the ends created by only one or a few 
other restriction enzymes into a terminus compatible 
with any blunt-cutting restriction endonuclease or other 
filled cohesive terminus. Typically, blunting is accom- j<; 
plished by incubating 2-15 fig of the target DNA in 10 
mM MgCb- 1 mM dithiothreitol. 50 mM NaCl. 10 mM 
Tris (pH 7.5) buffer at about 37 s C. in the presence of 8 
units of the Klenow fragment of DNA polymerase I and 
250 u.M of each of the four deoxynucleoside triphos- 2 q 
phates. The incubation generally is terminated after 30 
min. phenol and chloroform extraction and ethanol 
precipitation. 

It is presently believed that the three-dimensional 
structure of the compositions of the present invention is ^ 
important to their functioning as described herein. 
Therefore, all related structural analogs which mimic 
the active structure of those formed by the composi- 
tions claimed herein are specifically included within the 
scope of the present invention. ^ 

It i> understood that the application of the teachings 
of the present invention to a specific problem or situa- 
tion will be within the capabilities of one having ordi- 
nary skill in the art in light of the teachings contained 
herein. Examples of the products of the present inven- ^ 
tion and representative processes for their isolation, use. 
and manufacture appear below, but should not be con- 
strued to limit the invention. All literature citations 
herein are expressly incorporated by reference. 

EXAMPLES 40 

All references in these examples to the "Mel 14" 
monoclonal antibody or to "Mel 14" refer to a mono- 
clonal antibody directed against a purported murine 
form of a lymphocyte surface protein, as described by 
Gallatin, et al.. supra. Nature 303. 30(1983). specifically 4 - 
incorporated by reference. The use of Mel 14 is no 
longer needed to practice this invention, however, due 
to the provision herein of full sequences for the DNA 
and amino acids of the LHR: 

50 

EXAMPLE 1. 
Purification and Cloning of MLHR 
Isolation of a cDNA Clone Encoding the MLHR 

MLHR was isolated from detergent -treated mouse 55 
spleens by immunoaffinity chromatography using the 
Mel 14 monoclonal antibody. 

In a typical preparation, 300 spleens from ICR female 
mice (16 weeks old) were minced and then homoge- 
nized with a Potter-Elvehjem tissue grinder in 180 ml of 60 
2CJ- Triton X-100 in Dulbecco's PBS containing 1 mM 
PMSF and 19r aprotinin. Lysis was continued for 30 
minutes on a shaker at 4° C. The lysate was centrifuged 
successively at 2.000XG for 5 minutes and at 
40.000 >; G for 30 minutes. 65 

The supernatant was filtered through Nitex screen 
and then precleared by adsorption with rat serum cou- 
pled to cyanogen bromide-activated Sepharose 4B (10 
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ml of packed gel). The rat serum was diluted 1:10 for 
coupling with conjugation carried out according to the 
manufacturer's instructions. The flow through was ap- 
plied to a 3 ml column of MEL- 14 antibody coupled at 
0.5 mg per ml to Sepharose 4B. All column buffers 
contained sodium azide at 0.02 

The column was washed with 25 ml of 2f* Triton 
X-100 in PBS followed by 25 ml of 10 mM CHAPS in 
the same buffer. Antigen was released by addition of 10 
ml of 10 mM CHAPS in 100 mM glycine, 200 mM 
NaCl, pH 3 and neutralized by collection into 1 ml of 
1M TRIS HC1. pH 7.6. After the column was washed 
with 20 mM triethylamine, 200 mM NaCL pH 11 and 
re-equilibrated in 10 mM CHAPS in PBS. the neutral- 
ized antigen, diluted into 100 ml of the column buffer, 
was re-applied and the wash and release steps were 
repeated. 

The purified protein was concentrated in a Centricon 
30 (Amicon. Inc.) and analyzed by SDS-PAGE (7.5<7r 
acrylamide) w ith the use of silver staining for visualiza- 
tion. A typical purification yielded 30-40 fig of antigen 
per 300 mice based upon comparisons with orosomu- 
coid standards. 

As can be seen in FIG. 4A. a polyacrylamide gel of 
the purified material showed a diffuse band migrating at 
approximately 90.000 daltons, and a higher molecular 
weight protein at around 180.000 daltons. The ratio of 
the 90.000 dahon to the 180.000 dalton component was 
10:1 or greater in all of a large series of preparations. 
The material was visualized by silver staining of a 109t 
polyacrylamide gel. 

Gas phase Edman degradation of the 90.000 dalton 
band resulted in the identification of a single N-terminal 
sequence (FIG. 4B), including the very N-terminal 
amino acid. 38 N-terminal amino acids were identified, 
with four gaps (X) at positions 1.19.33, and 34. The 
asparagine (N) at position 22 was inferred from the 
absence of an amino acid signal at this position com- 
bined with the following tyrosine (Y) and threonine (T) 
residues, resulting in an N-linked glycosylation site 
consensus sequence (NXT/S). 

The 13-sequence residue shown in FIG. 4B above the 
38 residue long N-terminus is that previously deduced 
by Siegelman et al.. supra, using radioactively-labelled 
amino acid sequencing, which shows a high degree of 
homology (II of 13 residues) with the sequence of the 
LHR determined here. 

No ubiquitin sequence was obtained in any of the 
three sequencing runs that were done with two separate 
MLHR preparations. Conceivably, this modification 
was absent in the mouse splenocytes or the N-terminus 
of the ubiquitin is blocked to Edman degradation in the 
LHR from this source. 

The amino acid sequences of FIG. 2 were compared 
with known sequences in the Dayhoff protein data base, 
through use of the algorithm of Lipman, D. et al., Sci- 
ence 227, 1435-1441 (1981). 

The residues in FIG. 4B which are underlined be- 
tween amino acids 7 arid 15 w'ere chosen to produce the 
oligonucleotide probe shown in FIG. 4C. A 32-fold 
redundant 26-mer oligonucleotide probe was designed 
from these residues and synthesized on an Applied Bi- 
osystems oligonucleotide synthesizer. All of the possi- 
ble codon redundancies were included in this probe, 
with the exception of the proline at position 9. where 
the codon CCC was chosen based upon mammalian 
codon usage rules. 
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Screening of a murine spleen cDNA library obtained 
from dissected mouse spleens with this probe resulted in 
the isolation of a single hybridizing cDNA clone. Pro- 
cedurally. 600.000 plaques from an oligo. dT-primed 
lambda et 10 murine spleen cDNA library produced - 
from mRNA isolated from murine splenocytes with 5 
pg/ml Concanavalin A for 6 hours were plated at 
50.000 phage per plate 02 plates j and hybridized with 
the P 32 labeled 32-fold redundant 26-mer oligonucleo- JQ 
tide probe shown in FIG. 4C. in 20<~r formamide, 
5XSSC (150 mM NaCl. 15 mM trisodium citrate). 50 
mM sodium phosphate (pH7.6). 5yDenhardt*s solu- 
tion. 1095- dextran sulfate, and 20 micrograms/ml dena- 
tured, sheared salmon sperm DNA overnight at 42 c C. 15 
These parameters are referred to herein as "stringent 
conditions". The filters were washed in IX SSC. 0.1 9* 
SDS at 42 s C. for 2x30 minutes and auioradiographed 
at — 70 * C. overnight. A single duplicate positive clone 
was rescreened. the EcoRI insert was isolated and in- 20 
sertcd into M13 or PUC 118/119 vectors and the nucle- 
otide sequence determined from single stranded tem- 
plates using sequence-specific primers. 

FIG. 2 shows the complete DNA sequence of the 2.2 
kilobase EcoRI insert contained in this bacteriophage. 25 
The longest open reading frame begins with a methio- 
nine codon at position 106-108, A Kozak box homology 
is found surrounding this methionine codon. suggesting . 
that this codon probably functions in initiating protein 
translation. A protein sequence containing 373 amino * 
acids of approximately 42.200 daltons molecular weighi 
is encoded within this open reading frame. The trans- 
lated protein shows a sequence from residues 40 to 76 
that corresponds exactly with the N-ierminal amino ^ 
acid sequence determined from the isolated MLHR. 

This result suggests that the mature N-terminus of the 
MLHR begins with the tryptophan residue at position 
39. However, it is believed that some proteolytic pro- 
cessing of the actual N-terminus of the LHR may have 40 
occurred during the isolation of the protein. 

A hydrophobicity profile of the protein reveals an 
N-terminally located hydrophobic domain that could 
function as a signal sequence for insertion into the 
lumen of the endoplasmic reticulum. The deduced se- 45 
quence for positions 39 to 333 is predominantly hydro- 
philic followed by a 22 residue hydrophobic domain, 
which is characteristic of a stop transfer or membrane 
anchoring domain. 

The putative intracellular region at the very C-ter- 50 
minus of the protein is quite short, only 17 residues in 
length. On the immediate C-terminal side of the pre- 
dicted membrane-spanning domain are several basic 
amino acids, a feature typical of junctions between ^ 
membrane anchors and cytoplasmic domains of cell 
surface receptors. Varden et ah, Nature. A single serine 
residue, potentially a site for phosphorylation, is present 
within the putative cytoplasmic domain. 

The protein contains ten potential N-linked glycosy- w 
lation sites, all of which are within the projected extra- 
cellular domain. The absence of asparagine at position 
60 (residue 22 of the mature protein) in the peptide 
sequencing analysis confirms glycosylation at this site 
and establishes the extracellular orientation of this re- 65 
gion. The coding region contains a total of 25 cysteine 
residues, although 4 of these cysteine residues are lo- 
cated within the putative leader sequence. 



Protein Motifs Within the MLHR 

As shown in FIG. 6, comparison of the deduced 
MLHR amino acid sequence to other proteins in the 
Dayhoff protein sequence databank by using the fastp 
program (Lipman. D.. and Pearson. W.. Science 227, 
1435-1441. 1985) revealed a number of interesting se- 
quence homologies. 

Proteins with the highest sequence homology scores 
are shown with boxes surrounding the regions of great- 
est sequence homology. The numbers at the beginning 
of the sequences show the position within the proteins 
where these homologous sequences are located. 

FIG. 6A shows that the N-terminal motif of the LHR 
(residues 39 to 155) has certain carbohydrate binding 
protein homologies, as listed (the percentage of homol- 
ogy of these sequences to the MLHR are given in pa- 
rentheses, and the references indicated are provided 
after the Examples): Drickamer; the amino acid residues 
found by Drickamer et al. (1). MuLHR; the MLHR 
sequence. Hu.HepLec (27.8C*); human hepatic lectin 
(2). Barn.Lec (25^); acorn barnacle lectin (3). Ra. He- 
pLec (23. 5Cr): rat hepatic lectin (4). Ch.HepLec 
(27. 5Cr): chicken hepatic lectin (5). Hu.IgERec 
(28.6<7r): human lgE receptor (6). RaHepLec2 (22.69c): 
rat hepatic lectin 2 (7), Ra.ASGRec (22. 6<^): rat asialo- 
glycoprotein receptor (8). Ra.IRP (25.6*7r): rat islet 
regenerating protein (9). Ra.MBP (26.1<&); rat mannose 
binding protein(lO). Ra.MBDA (26.195-); rat mannose 
binding protein precursor A (1 1). Ra.KCBP (279r ); rat 
Kuppfer cell binding protein (12). FlyLec (23.19£); 
flesh fly (Sarcophaga) lectin (13). and Rab.Surf 
(20.9Cr): rabbit lung surfactant (14). 

As can be seen. FIG. 6A shows that the most N-ter- 
minally localized motif of the LHR shows a high degree 
of homology with a number of calcium-dependent ani- 
mal lectins, i.e.. C-type lectins (1). These include but are 
not limited to. various hepatic sugar binding proteins 
from chicken, rat. and human, soluble mannose-binding 
lectins, a lectin from Kupffer cells, the asialoglyco- 
protein receptor, a cartilage proteoglycan core protein, 
pulmonary surfactant apoproteins, and two invertebrate 
lectins from the flesh fly and acorn barnacle. Although 
the complement of "invariant" amino acids initially 
recognized by Drickamer and colleagues, supra, as 
common to C-type animal lectins are not completely 
conserved in the carbohydrate binding domain of the 
MLHR. the degree of homology at these residues and at 
other positions is apparent. The known lectins belong- 
ing to the C-type family exhibit a range of sugar-binding 
specificities including oligosaccharides with terminal 
galactose. N. acetylglucosamine, and mannose (1). 

The fact that there are many residues that are found 
to be invariant in all of these carbohydrate binding 
proteins, strongly suggests that this region functions as 
a carbohydrate binding domain in the MLHR and ap- 
parently explains the observed ability of lymphocytes to 
bind to the specialized endothelium of lymphoid tissue 
in a sugar- and calcium-dependent manner. In some 
embodiments, the carbohydrate binding domain of the 
LHR alone, without any flanking LHR regions, is used 
in the practice of this invention. 

The next motif (residues 160-193) that is found almost 
immediately after the completion of the carbohydrate 
binding domain shows a high degree of homology to 
the epidermal growth factor (egf) family. FIG. 6B 
shows epidermal growth factor (egf) homologies: 
MLHR: the MLHR sequence, Notch (38.5%); the Dro- 
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sophila melanogaster notch locus <I5). S.purp (31.7%): 
Strongylocentrotur purpuratus egf-like protein (16). 
Pro.Z"<34.1%); bovine protein 2 07). Fact.X (34.29c): 
coagulation factor X (18). Fact. VII (27.3%): coagula- 
tion factor VII (19). Fact. IX (33.3%); coagulation fac- 5 
tor IX (20). Lin-12 (3X1%); Caenorhabditis elegans 
Lin-12 locus (21). Fact. XII (26%): coagulation factor 
XII (22). and Mu.egf (30% ); murine egf (23). 

As can be seen in FIG. 6B. the greatest degree of 
homology in this region of the MLHR is found with the 10 
Drosophila neurogenic locus, notch, although there is 
also significant homology to a number of other mem- 
bers of this large family. The variable location of this 
domain among the members of this family suggests that 
this region may be contained within a genomic segment 15 
that can be shuffled between different proteins for dif- 
ferent functions. 

In addition to 6 cysteine residues, virtually all mem- 
bers of this family share three glycine residues. The 
conservation of cysteine and glycine residues is consis- 20 
tent with the possibility of a structural role for this 
region in the LHR. It is believed that this domain may 
place the N-terminally localized carbohydrate binding 
region in an appropriate orientation for ligand interac- 
tion. It is further believed that this domain may serve to 25 
strengthen the interaction between the lymphocyte and 
endothelium by binding to an egf-receptor homologue 
on the endothelium surface. 

The final protein motif in the extracellular region of 
the MLHR is encoded from amino acids 197 to 328. 30 
This region of the glycoprotein contains two direct 
repeats of a 62 residue sequence that contains an amino 
acid motif that bears a high degree of homology to a 
number of complement factor binding proteins (FIG. 
6C>. 35 

FIG. 6C Nhows complement binding protein homolo- 
gies: MLHR: MLHR sequence. HuComH (31.9%): 
human complement protein H precursor (24). Mu- 
ComH (28.9%); murine complement protein H precur- 
sor <25). HuBeta (25.6%); human beta-2-glycoprotein I 40 
(26). HuCRl (29.9%); human CR1 (27). EBW3d 
(25% )6: human Epstein-Barr virus/C3d receptor (28). 
HuC2 (27.1%); human complement C2 precursor (29). 
HuB (23.1%>: human complement factor B (30). 
MuC4b (22%): murine C4b-binding precursor (31), 45 
HuCis (29.2%); human Cls zymogen (32). HuC4b 
(26.1%): human C4b binding protein (33). HuDAF 
(27.1%): human decay accelerating factor (34). Vac- 
SecP (26.2% ): vaccinia virus secretory peptide (35). 

These proteins, which encode a wide range of multi- 50 
pies of this repeated domain, include, among others, the 
human and murine complement H precursors, the 
human beta 2 glycoprotein, the Epstein Barr virus/C3d 
receptor, the human C4b binding protein, the decay 
accelerating factor, and the vaccinia virus secretory 55 
polypeptide. 

FIG. 7C shows the homologies between the two 
direct repeats in the MLHR and the direct repeats 
found in proteins contained within the complement 
binding family. Many of the amino acids that are con- 60 
served in this class of complement binding proteins, 
including a number of conserved cysteine residues, are 
also found in the 2 repeats in this region of the MLHR. 

Interestingly, the two repeats contained within the 
MLHR are not only exact duplications of each other at 65 
the amino acid level, they also show exact homology at 
the nucleotide sequence level (nucleotide residues 
685-865 and 866-1056). While it is possible that this 



result is due to a cloning artifact, a duplicated region has 
been found in a number of other clones isolated from a 
separate cDNA library produced from the MLHR ex- 
pressing cell line, 38C13 (available from Stanford Uni- 
versity. Palo Alto. Calif.. U.S.A.). as well as in a human 
homologue of the MLHR (discussed, infra.). Further- 
more, a number of other genes, most notably the Lp(a) 
gene, show an even higher degree of intragenic repeat 
sequence conservation of this domain. These results 
suggest that the MLHR. like other members of the 
complement binding family, contains multiple repeats 
of this binding domain. 

In conclusion, it appears that the extracellular region 
of the MLHR contains three separate protein motifs 
that have been joined together to serve a new function 
or functions. A summary of the protein motifs con- 
tained within this glycoprotein is shown in FIG. 7. 

EXAMPLE 2 
Cloning of HuLHR 

Generally as described in the previous example, the 
2.2 kb EcoRI insert of the murine Mel 14 antigen 
cDNA clone described above was isolated, labeled to 
high specific activity by randomly primed DNA poly- 
merase synthesis Avith P 32 triphosphates, and used to 
screen 600.000 clones from an oligo dT primed lambda 
gtlO cDNA library derived from human peripheral 
blood lymphocyte mRNA obtained from primary cells. 
The fillers were hybridized overnight at 42° C. in 40% 
formamide. 5xSSC (IxSSC is 30 mM NaCk 3 mM 
trisodium citrate), 50 mM sodium phosphate (pH6.8), 
1095- dextran sulfate. SxDenhardfs solution and 20 
micrograms/ml sheared, boiled salmon sperm DNA. 
They were washed 2x40 minutes in 0.2XSSC. 0.1% 
sodium dodecyl sulfate at 55* C. 12 clones (approxi- 
mately 1 positive per plate of 50.000 phage) were 
picked; and the largest EcoRI insert (-2.2 kilobases) 
was isolated and the DNA sequence was determined by 
dideoxynucleotide sequencing in the bacteriophage m 1 3 
using sequence-specific primers. 

This — 2.2 kb clone encoded an open reading frame of 
372 amino acids with a molecular weight of approxi- 
mately 42.200 daltons that began with a methionine 
which was preceded by a Kozak box homology. The 
encoded protein contained 26 cysteine residues and 8 
potential N-Iinked glycosylation sites. A highly hydro- 
phobic region at the N-terminus of the protein (residues 
20-33) was a potential signal sequence, while another 
highly hydrophobic C-terminally located region of 22 
amino acids in length (residues 335-357) was a potential 
stop transfer or membrane anchoring domain. This 
C-terminal hydrophobic region was followed by a 
charged, presumably cytoplasmic, region. 

Comparison of the nucleotide sequence of this human 
clone with that previously found for the MLHR 
showed a high degree of overall DjNA sequence homol- 
ogy ( — 83%). The relative degrees of amino acid se- 
quence conservation between the MLHR and the 
HuLHR in each of the LHR domains are: carbohydrate 
binding domain — 83%; egf-like domain — 82%; comple- 
ment binding repeat 1 — 79%; complement binding re- 
peat 2 — 63%; overall complement binding domai- 
n — 71%: and transmembrane domain — 96%. 

Comparison of the published Hermes sequence. Jal- 
kanen, supra, with the HuLHR sequence of FIG. 1 
reveals a lack of sequence homology. 
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Expression of the MLHR 

In order to prove conclusively that the murine ^ 
cDNA clone isolated here encoded the MLHR. the 
clone was inserted into an expression vector and ana- 
lyzed in a transient cell iransfection assay. Expression of 
the HuLHR was performed in a similar fashion. 

The EcoRI fragment containing the open reading JQ 
frame described above (the -2.2 kilobase EcoR] frag- 
ment whose sequence is shown in FIG. 2) was isolated 
and ligated into the pRK5 vector which contains a 
cvtomegalovirus promoter (Eaton. D.. el al.. Biochem- 
istry 25. 8343-8347, 1986; U.S. Ser. No. 07/097.472). J5 
now abandoned. A plasmid containing the inserted 
cDNA in the correct orientation relative to the pro- 
moter was selected and* transfected onto 293 human 
embryonic kidney cells using CaPOa precipitation. 

After 2 days the cells were incubated with 500 mi- 2q 
crocuries each of S ;? cysteine and methionine. Lysates 
and supernatants were prepared as previously described 
(Lasky. L.. et al.. Cell 50. 975-985. 1987) and immuno- 
precipitated with Mel 14 monoclonal antibody (purified 
by immunoaffinity chromatography) by utilizing an -> 5 
anti-rat IgG polyclonal antibody in a sandwich between 
the Mel 14 monoclonal antibody and protein A se- 
pharose. 

At the same time, the B-cell lymphoma. 38C13. a cell 
known to express the MLHR. were either labeled meta- ?0 
bolically with either methionine or cysteine, for analysis 
of the supernatant MLHR. or the cell-surface glycopro- 
teins were labeled with V- and lactoperoxidase for 
analysis of cell^associated LHR and analyzed by Mel 14 
antibody immunoprecipiiation. 35 

The resultant immunoprecipitates were analyzed on 
7?rr poly aery lamide SDS gels and autoradiography 
overnight at — 70 c C. 

The results of these assays are shown in FIG. 5. In 
that figure, the lanes A-F signify the following: 40 

A. Lysates of 293 cells transfected with a MLHR ex- 
pression plasmid immunoprecipitated with Mel 14 
monoclonal antibody. 

B. Supernatants of 293 cells transfected with a MLHR 
expression plasmid immunoprecipitated with Mel 14 45 
monoclonal antibody. 

C. Lysates of 293 cells transfected with a plasmid ex- 
pressing the HIV gpI20 envelope glycoprotein im- 
munoprecipitated with the Mel 14 monoclonal anti- 
body. 50 

D. Supernatants of 293 cells transfected with the HIV 
envelope expression plasmid immunoprecipitated 
with the Mel 14 monoclonal antibody. 

E. Supernatants of 38C13 cells immunoprecipitated 
with the Mel 14 monoclonal antibody. 55 

F. Lysates of 38C13 cells surface labeled with I 125 and 
immunoprecipitated with the Mel 14 monoclonal 
antibody. 

As can be seen in FIG. 5. cells transfected with this 
construct produce two cell-associated proteins that 60 
reacted specifically with the Mel 14 antibody. The cell 
associated proteins migrated at approximately —70,000 
daltons and —85.000 daltons, suggesting that the 
— 42.200 dalton core protein becomes glycosylated in 
the transfected cells. The larger band was shifted in 65 
molecular weight following sialidase treatment (data 
not shown), suggesting that it is a relatively mature 
form of the glycoprotein, whereas the lower molecular 



weight band was resistant to the enzyme, indicating that 
it may be a precursor form. 

FACs analysis of transiently transfected cell lines 
with the Mel 14 antibody showed that a portion of the 
LHR expressed in these cells was detectable on the cell 
surface (data not shown). 

The higher molecular weight glycoprotein produced 
in the transfected cell line was found to be slightly 
smaller than that produced by the Peripheral Lymph 
Node-homing B-cell lymphoma 38C13 (FIG. 5, lane F), 
a result that has been found in other transfected cell 
lines and may be due to cell-specific differences in 
glycosylation. 

Interestingly, both the 38C13 cells and the trans- 
fected human cells appeared to shed a smaller molecular 
weight form of the MLHR into the medium (FIG. 5. 
lanes B and E). The nature of this shed molecule is 
unclear, although its reduced molecular weight sug- 
gests that it may be a cleavage product of the cell sur- 
face form resulting from proteolysis near the membrane 
anchor. 

In conclusion, these results convincingly demonstrate 
that the cDNA clone that we have isolated encodes the 
MLHR. 

EXAMPLE 4 

Construction. Purification, and Analysis of Truncated 
MLHR-IgG Chimeras 

FIG. 8 shows the construction of MLHR-IgG chim- 
eras containing the lectin, lectin-egf. and lectin-egf- 
complement regulatory motifs. The top of the figure 
illustrates the protein domains of the murine lympho- 
cyte homing receptor (MLHR) including the N-termi- 
nal signal sequence (SS). the lectin, epidermal growth 
factor (egf). and duplicated complement regulatory 
domains (CDB) as well as a transmembrane anchor 
domain (TMD) and a short cytoplasmic sequence. The 
three truncated MLHR-IgG chimeras which contain 
the lectin (MLHR-L + IgG). the lectin and egf (MLHR- 
LE-*-IgG) and the lectin, egf. and two complement 
regulatory motifs (MLHR-LEC-*- IgG) are also shown 
in FIG. 8. These truncated proteins are all joined to a 
human heavy chain gamma 1 region just upstream of 
the hinge domain (H) such that these chimeras contain 
the two cysteine residues (C) of the hinge responsible 
for immunoglobulin dimerization as well as the CH2 
and CH3 constant regions. A previously characterized 
human heavy chain IgG I constant region cassette ( 
Capon st al., supra 1989) was utilized. Junctional sites 
between the LHR and human IgG sequences was 
chosen such that the joining of the molecules near the 
hinge region resulted in chimeric molecules that were 
efficiently synthesized and dimerized in the absence of 
any light chain production. In addition, the use of the 
human IgG 1 constant region obviates any difficulties 
due to cross reactivity with endogenous murine IgGs in 
the immunohistochemical experiments described be- 
low. 

As can be seen from FIG. 9, these chimeras were 
efficiently synthesized and secreted in these transient 
transfection assays. The reactivity of these chimeras 
with protein A sepharose in the absence of added anti- 
bodies demonstrates that the constant region domains 
are normally folded. FIG. 9 illustrates that these mole- 
cules dimerize under non-reducing conditions, demon- 
strating that the hinge region is fully functional in these 
chimeras. Finally, the protein A reactivity also allows 



41 



5,116,964 



42 



for the purification of these chimeras to near homogene- 
ity on protein A sepharose columns. The results herein 
demonstrate the production of antibody-like entities 
whose "variable" domain may be said to be derived 
from the MLHR while the constant domain is derived 5 
from the human IgG gamma 1 heavy chain. 

CONSTRUCTION OF CHIMERAS 

Starting with a previously described MLHR-PRK5 . 
expression plasmid (Eaton et al.. 1986.: Lasky el aL. Cell 10 
50:975-985. 1987* and a cDNA copy of a human heavy 
chain IgG (Capon et al., Xature 337:525-531. 1989). an 
1100 bp Hindlll fragment encoding the CH1-CH3 re- 
gions of the human IgG I constant region was inserted 
3 prime of the polyA site of the MLHR cDNA. This 15 
plasmid was converted to single stranded, template by 
utilizing an mI3 origin of replication and the K07 helper 
phage, after which regions between the hinge and the 
lectin, egf. and second complement binding repeat N- 
terminal to the putative trans membrane anchoring 20 
region) were looped out with 48-mer oligonucleotides 
by in vitro mutagenesis (Zoller and Smith. 1982). The 
resultant mutants were screened with 32P-labeled 21- 
mer oligonucleotides spanning the. deletion junctions, 
and the isolated mutants were sequenced using super- 25 
coil sequencing. 

Correct mutants were tested for expression by trans- 
fection onto human kidney 293 cells using previously 
described methods. 35S. methionine and cysteine labeled 
supernatants were analyzed by immunoprecipitation 30 
with protein A sepharose beads in the absence of added 
antibodies. The precipitated proteins were analyzed on 
7.5Cr polyacrylamide-SDS gels either with or without 
reduction with beta mercaptoethanol. Plasmids that 
resulted in correctly expressed chimeras were intro- 35 
duced into 293 cells by transfection in the presence of 
selective plasmids encoding resistance to G418 as well 
as dihydrofolate reductase. Clones were selected in 
G418. and the incorporated plasmids were amplified in 
the presence of methotrexate. Permanent cell lines ex- 40 
pressing high levels of each construct were grown to 
large scale in T-flasks. and the cell supernatants were 
clarified by centrifugaiion and filtration. The resultant 
supernatants were concentrated by Amicon filtration 
and passed over standard protein A-sepharose columns. 45 
washed with PBS. and eluted with 0.1M Acetic Acid. 
0.1 5M NaCI (pH 3.5). The eluted material was immedi- 
ately neutralized with 3M Tris. pH 9. and quant it ated 
by SDS gel electrophoresis as well as an ELISA assay. 

The gel electrophoresis results described in the pre- 50 
ceding paragraph are shown in FIG. 9. Reduced prote- 
ins are shown in lanes A-F., non-reduced proteins in 
lanes G-I. and purified proteins in lanes J-L. Molecular 
weights of markers are shown in kilodaltons. Lane iden- 
tifications are as follows: A. Secreted MLHRLEC-IgG. 55 
B. Intracellular MLHRLEC-IgG. C. Secreted 
MLHRLE-IgG. D. Intracellular MLHRLE-lgG, E. 
Secreted MLHRL-IgG F F. Intracellular MLHRL-IgG., 
G. Secreted MLHRLEC-IgG, H. Secreted MLHRLE- 
IgG. 1. Secreted MLHRL-IgG, J. Purified 60 
MLHRLEC-IgG. K. Purified MLHRLE-IgG, and L. 
Purified MLHRL-IgG. 

Isolated LHR-IgG chimeras were quantitated using 
an ELISA format that consisted of an anti-human IgG 
1 -specific mouse monoclonal antibody coating mi- 65 
crotitre wells. Unknown samples as well as highly puri- 
fied human CD4-lgG 1 immunoadhesin standard were 
incubated with antibody-coated plates, after which the 



plates were washed, and the bound material was reacted 
with horse radish peroxidase-conjugated goat- ami 
human IgG 1. followed by further washes and addition 
of substrate. This quantitative assay allowed for the 
measurement of sub-nanogram quantities of isolated 
LHR-IgG chimeras. 

Analvsis of MLHR-IgG Chimera PPME Reactivity by 
ELISA 

The ability of various IgG chimeras to recognize the 
yeast cell wall carbohydrate, polyphosphomannan ester 
or PPME, was analyzed in an ELISA format as previ- 
ously described (Imai et al., 1989). Briefly, approxi- 
mately equivalent amounts of the purified chimeras 
were coated onto microtitre wells overnight* at 4° C. 
Non-specific sites were blocked with BSA, after which 
the bound antigens were reacted with a 5 microgram 
per ml solution of PPME Bound carbohydrate was 
delected with a polyclonal antibody directed against it 
and standard (Vector) immunohistochemical staining 
reagents. Inhibition with Mel 14 was performed by 
pre-incubating MLHRLEC-IgG containing wells with 
the monoclonal antibody before the addition of PPME. 
while the calcium dependance of the homing receptor- 
carbohydrate interaction was demonstrated by inclu- 
sion of 10 mM EGTA during the binding reaction. 
Various other additives were added before PPME incu- 
bation in assays examining inhibition. After I hr at 22° 
C. the plates were washed and incubated with a rabbit 
polyclonal antibody directed against PPME for 1 hr at 
22 c C. Plates were washed and incubated with Vector 
ABC-AP for 30 minutes, washed, and developed. The 
resulting assays were measured on a plate reader. Car- 
bohydrates used in the inhibitory assays were obtained 
from Sigma Chemical Co. (St. Louis. Mo.) 

Results of the PPME binding analysis are shown in 
FIG. 10. The lanes contain the following MLHR-IgG 
chimeras: A. Binding of PPME to MIHRL-, 
MLHRLE- and MLHRLEC-IgG chimeras. B. Inhibi- 
tion of MLHRLEC-IgG-PPME binding with Mel 14 
monoclonal antibody and EGTA. C. Inhibition of 
MLHRLEC-IgG-PPME binding with other carbohy- 
drates. 

Previous work had demonstrated that the LHR was 
able to bind to a yeast cell wall mannan. polyphospho- 
mannan ester or PPME (Yednock at al., J- Cell Biol. 
104:725-731. 1987). and that this binding inhibited the 
ability of lymphocytes to adhere to peripheral lymph 
node high endothelial vesicles, in agreement with the 
supposition that the peripheral lymph node LHR lectin 
domain may recognize a carbohydrate on the peripheral 
lymph node endothelium. In addition, the MEL 14 
antibody was found to inhibit the binding of PPME to 
the lymphocyte surface (Yednock et al., supra 1987), 
consistent with the notion that this carbohydrate bound 
within the lectin domain of the peripheral lymph node 
LHR. 

The chimera that contained the lectin, egf, and dupli- 
cated complement binding repeat structures was found 
to bind PPME. This binding was inhibitable by the Mel 
14 antibody, in agreement with data demonstrating that 
the MLHRLEC-IgG chimera was recognized by this 
antibody (data not shown), and was quantitatively com- 
parable to that found previously using MLHR isolated 
from spleen cells (Imai et al., submitted for publication, 
1989), suggesting that it represented the same protein- 
carbohydrate interaction that has been found with the 
LHR on the lymphocyte surface (Yednock et al. supra 



43 



5,116,964 



44 



1987). In addition, the binding was also found to be 
calcium dependent (Sioolman and Rosen. J. Cell Biol 
96:722-729. 1983). implying that the type C or calcium- 
dependent lectin domain (Drickamer, / Biol. Chem. 
263:9557-9560. 1988) was at least partly responsible for 5 
this interaction, as has been shown for the lymphocyte- 
associated receptor (FIG. 9b). 

Previous work demonstrated thai a variety of carbo- 
hydrates besides PPME were capable of being recog- 
nized by the spleen derived MLHR (Yednock et al.. 10 
supra 1987; lmai et al., supra 1989). These included 
fucoidin. dextran sulfate, and brain derived sulfatides. 
The ability of these carbohydrates to inhibit the interac- 
tion between the MLHRLEC-IgG chimera and PPME 
was examined to investigate the specificity of this mole- 15 
cule versus the previously described spleen-derived 
glycoprotein (lmai et al.. supra 1989). As can be seen 
from FIG. 9. fucoidin dextran sulfate, and sulfatide are 
all able to inhibit the interactions between PPME and 
MLHRLEC-IgG. implying that the carbohydrate spec- 20 
ificity of this recombinant-derived protein mimics that 
previously described for the naturally occurring pro- 
tein. The lack of inhibition by two other charged carbo- 
hydrates, chondroitin sulfate and heparin, suggests thai 
the inhibition is due to specific carbohydrate recogni- 25 
tion and not to non-specific interference due to the 
highly charged nature of the compounds. 

Cell Blocking Assays with MLHR-IgG Chimeras 

The Slampfer- Woodruff cell blocking assay (Stamper 30 
and Woodruff. J. Exp. Med. 144:82S-S33. 1976) was 
performed with cryostat-cut sections of mouse periph- 
eral lymph nodes as well as with Peyer's patch as previ- 
ously described (Geoffrey and Rosen. J. Cell Biol, in 
press. 1989). Briefly, the frozen tissue sections were 35 
incubated with mesenteric lymphocytes in ihe presence 
of either the MLHR-IgG chimeras, isolated spleen- 
derived MLHR. or buffer alone. MLHR-IgG chimeras 
were included at concentrations as high as 10 micro- 
grams per section and were pre-incubated on frozen 40 
sections before the addition of 1 >: 10" cells per ml. The 
slides were washed, and lymphocyte attachment was 
measured by digital morphometry as the number of 
lymphocytes bound to HEV in these lymphoid organs 
per unit area. 45 

In data not shown, the MLHRLEC-IgG chimera was 
found to inhibit the binding of lymphocytes to periph- 
eral lymph node HEV at a level of approximately 75Cr 
inhibition while, in this assay, the spleen-derived 
MLHR blocked at a level of about 509r. This inhibition 50 
was calcium dependent and was blocked by the inclu- 
sion of the MEL 14 monoclonal antibody (data not 
shown). 

Immunohistochemical Analysis of MLHR-IgG 
Chimeras 

Isolated MLHR-IgG chimeras were utilized for im- 
munohistochemical experiments using procedures iden- 
tical to those used for monoclonal antibodies. 8-10 mi- 
cron tissue sections were cut in a cryostat and fixed with 
0.1 M cacodylate, \*7c paraformaldehyde for 30 minutes 
at 4' C. The sections were washed in Dulbecco's PBS 
and stained with varying amounts of MLHR-IgG chi- 
mera in 59c normal mouse serum at 4° C. for 30 minutes. 
The sections were than washed and incubated with a 
second stage containing biotinylated goat anti-human 
Fc specific antibody (Vector). Endogenous peroxidase 
was eliminated by treating the sections with hydrogen 



peroxide-methanol after the addition of the second 
stage reagent and before the addition of the Vector 
ABC complex. Sections were washed and incubated 
wiih substrate (AEC) for 5-10 minutes. Finally, the 
sections were counter-stained with aqueous hematoxy- 
lin (Biomedia) and viewed with a Zeiss Axioplot. 

These immunohistochemical analyses of the three 
MLHR-IgG chimeras used peripheral lymph node as a 
tissue source. The choice of peripheral lymph node as a 
histology source was dictated by the large body of 
previous literature which demonstrated that lympho- 
cytes bind to the HEV of this lymphoid tissue in a man- 
ner which can be blocked by Mel- 14, implying that the 
highest level of ligand recognized by the MLHR should 
be in this tissue (Gallatin et al.. Sature 304:30-34, 1983). 
The MLHRLEC-IgG chimera was able to stain periph- 
eral lymph node HEV. The staining was found exclu- 
sively over the high walled endothelial cells, with no 
staining of ad- or abluminal regions. In addition, this 
staining could be blocked by the MEL 14 antibody and 
was dependent upon the presence of calcium, suggest- 
ing that the binding of MLHRLEC-IgG to peripheral 
lymph node HEV mimicked the adhesion between lym- 
phocytes and the HEV. In concordance with the 
PPME binding data, the staining of peripheral lymph 
node HEV by MLHRLEC-IgG was inhibitabie by 
fucoidin and dextran sulfate (FIG. 5). while chondroitin 
sulfate and simple mannans were incapable of inhibiting 
the staining reaction (data not shown), again implying 
that the staining reaction was due to the recognition of 
a carbohydrate ligand expressed on the peripheral 
lymph node HEV. These data reveal that this type of 
immunohistochemical reagent may be utilized to inves- 
tigate the tissue distribution of the endothelial molecu^ 
lets) which are capable of interacting wiih the periph- 
eral lymph node LHR 

The MLHR Ligand is Found in Peyer's Patches 

We have found, in results of immunohistochemical 
assays not shown, that the MLHRLEC-IgG chimera is. 
surprisingly, able to recognize the endothelium of Pey- 
er's patches specifically. The chimera appears to stain 
the high walled endothelium of Peyer's patches vessels 
containing lymphocytes. This staining is inhibitabie by 
the MEL 14 antibody and is also calcium dependent. 
Interestingly, the staining of the Peyer's patches HEV 
appears somewhat weaker relative to that found for the 
staining of the peripheral lymph node HEV, implying 
that a lower level of the MLHR ligand(s) may be ex- 
pressed in this lymphoid organ. These results demon- 
strate that, while other adhesion systems may be in- 
volved in this organ (Holzman et al., Cell 56:37-46. 
1989). the ligand(s) for the peripheral lymph node LHR 
is expressed and, therefore, is involved in lymphocyte 
binding to the endothelium of this lymphoid organ. 

EXAMPLE 5 

Construction of CD4-IgG-MLHR-IgG Chimeras 

60 Two previously constructed PRK plasmids were 
used to direct expression of MLHR-IgG and human 
CD4-IgG. The MLHR plasmid is as described in the 
previous example. The CD4-Ig plasmid is that de- 
scribed in Capon et al. supra, modified by the deletion 
65 of the coding region for the Ch\ domain and a portion 
of the hinge region up to the first cysteine residue. 
These plasmids were cotransfected by the standard 
calcium-phosphate method as described above into 
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human 293 cells, either together with PSV r anti z™ to 
generate cells transiently expressing the two genes at 
high levels, or together with PSV wtJ . to confer neomy- 
cin resistance for selection of cell clones stably express- 
ing the two genes. Expression was analyzed by radioim- 
munoprecipitation; because CD4-IgG. LHR-IgG and 
CD4-lgG-LHR-IgG all contain an IgG Fc portion, 
they can all be precipitated directly by protein A by 
standard methods. Three types of molecules were de- 
tected: CD4-IgG homodimers. LHR-IgG homodimers, 
and CD4-IgG-LHR-IgG heterodimers. These mole- 
cules are separated to their monomeric constituents by 
reduction, indicating that the members of each dimer. 
including heterodimers. are co\ alently attached to one 
another by disulfide bonds. 
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We claim: 

1. Nucleic acid encoding a polypeptide fusion com- 
prising a Hgand binding partner protein containing more 

15 than one polypeptide chain, wherein the ligand binding 
partner protein is not a platelet growth factor receptor 
or an insulin receptor, one of said chains being fused to 
an immunoglobulin constant region through C- or N- 
terminal amino or carboxyl groups. 

20 2. Nucleic acid encoding a polypeptide fusion of a 
ligand binding partner protein and an immunoglobulin 
chain, wherein the ligand binding partner protein is not 
a platelet growth factor receptor or an insulin receptor, 
said ligand binding partner protein and said immuno- 

25 globulin chain being fused through C- or N-terminal 
amino or carboxyl groups, and said fusion further com- 
prising an additional fusion of an agent selected from 
the group consisting of a multiple subunit (chain) poly- 
peptide, a portion of an immunoglobulin superfamily 

30 member, a toxin and a polypeptide therapeutic agent 
not otherwise associated with an immunoglobulin, and 
an immunoglobulin chain. 

3. The nucleic acid of claim 2 wherein said ligand 
binding partner is LHR and said agent in said additional 

35 fusion is CD4. 

4. Nucleic acid encoding a polypeptide fusion com- 
prising a ligand binding partner protein which com- 
prises a LHR and an immunoglobulin chain, in which 
the ligand binding partner protein and immunoglobulin 

40 are fused through C- or N-terminal amino or carboxyl 
groups. 

5. The nucleic acid of claim 4 wherein said immuno- 
globulin chain is obtained from IgGl, IgG2. IgG3. 
IgG4. IgE. IgD or IgM. 

45 6. The nucleic acid of claim 4 wherein in said LHR 
the transmembrane and the cytoplasmic domains have 
been deleted. 

7. The nucleic acid of claim 6 wherein the transmem- 
brane and cytoplasmic domain deleted LHR is fused at 

50 its C-terminus to the N-terminus of an human IgG im- 
munoglobulin heavy chain constant region sequence. 

8. The nucleic acid of claim 7 wherein the transmem- 
brane and cytoplasmic domain deleted LHR is fused at 
its C-terminus to the N-terminus of an IgG immuno- 

55 globulin sequence beginning in the hinge region just 
upstream of the papain cleavage site at residue 216, 
taking the first residue of the heavy chain constant 
region to be 114. 
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A newly-constructed antibody-like molecule containing the gpl20-binding domain of the receptor for human 
immunodeficiency virus blocks HIV-1 infection of T cells and monocytes. Its long plasma half-life, other antibody-like 
properties, and potential to block all HIV isolates, make it a good candidate for therapeutic use. 



Despite the exquisite ability of the immune system to distin- 
guish between self and non-self, and to put forth an impressive 
diversity in its antigen-recognizing repertoire, it can still be 
outflanked by a rapidly changing pathogen. Human 
immunodeficiency virus type 1 (HIV-1) is an example of such 
a pathogen, and, as a result, its consequences are devastating. 
Every individual infected with the virus is expected to develop 
a serious or life-threatening illness 1 ; no protective state has been 
shown to be generated in natural infections. It has not yet been 
possible to generate a protective response by immunizing chim- 
panzees with gpl20, the HIV-1 envelope glycoprotein 2 * 3 , or to 
confer passive immunity to chimpanzees using human IgG 4 . 
Even neutralizing antibodies made in experimental animals can 
block the infectivity of only a few HIV-1 isolates 3 ' 5 . Thus, the 
prospects for eliciting protective immunity against HIV-1, or 
for using antibodies as therapeutic agents to control HIV-1 
disease are bleak. Anti-retrovira! chemotherapy using dideoxy- 
nucleosides such as AZT does help some patients, but the 
toxicity is such that new strategies are needed 6 . 

We have therefore attempted to block HIV-1 infectivity with 
soluble derivatives of CD4, the receptor for HIV-1, with the 
rationale that the CD4-binding domain of gpl20 is the only part 
of gpl20 that the virus cannot afford to change 7 . CD4 is a 
cell-surface glycoprotein found mostly on a subset of mature 
peripheral T cells that recognize antigens presented by class II 
MHC molecules 8 * 9 . Antibodies to CD4 block HIV-1 infection 
of T cells 10,11 and human cells not susceptible to HIV-1 infection 
become so after transfection with a CD4 cDNA 12 . Gpl20 binds 
CD4 with high affinity (K D ~ 10~ 9 M), suggesting that it is this 
interaction which is crucial to the entry of vims into cells 7,13 . 
Indeed, we 7 and others 14 " 18 have shown that soluble rCD4, 
lacking the transmembrane and cytoplasmic sequences of CD4, 
can block HIV-1 infectivity, syncytium formation, and cell kill- 
ing by gpl20 (ref. 19). rCD4 blocks the infectivity of diverse 
HIV-1 isolates (R.B., J.G., H.M. and S.B., unpublished results), 



and in theory should block all. At best, however, soluble rCD4 
offers only a passive defence against the virus. 

Active immunity requires a molecule such as an antibody, 
which can specifically recognize a foreign antigen or pathogen 
and mobilize a defence mechanism. Antibodies comprise two 
functionally independent parts, a rather variable domain (Fab), 
which binds antigen, and an essentially constant domain (Fc), 
providing the link to effector functions such as complement or 
phagocytic cells. It is almost certainly the lack of an antigen- 
binding domain which can neutralize all varieties of virus that 
hampers the development of humoural immunity to HIV-1. We 
reasoned that the characteristics of CD4 would make it ideal as 
the binding site of an antibody against HIV-1. Such an antibody 
would bind and block all HIV-1 isolates, and no mutation the 
virus could make, without losing its capacity to infect CD4 + 
cells specifically, would evade it. We therefore set out to con- 
struct such an antibody by fusing CD4 sequences to antibody 
domains. 

We had two major aims for our hybrid molecules; first, as 
pharmacokinetic studies in several species predict that the half- 
life of soluble CD4 will be short in humans (30-120 min; J.M., 
unpublished results) we wished to construct a molecule with a 
longer half-life; second, we wanted to incorporate functions 
such as Fc receptor binding, protein A binding, complement 
fixation and placental transfer, all of which reside in the Fc 
portion of IgG. The Fc portion of immunoglobulin has a long 
plasma half-life, like the whole molecule, whereas that of Fab 
is short, and we therefore expected to be able to fuse our 
short-lived CD4 molecule to Fc and generate a longer-lived CD4 
analogue. Because CD4 is itself part of the immunoglobulin 
gene superfamily, we expected that it would probably fold in a 
way that is compatible with the folding of Fc. We have therefore 
produced a number of CD4-immunoglobulin hybrid molecules, 
using both the light and the heavy chains of immunoglob- 
ulin, and investigated their properties. We have named one 
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Fig. 1 Structure of cell surface CD4, human IgGl (yl)» soluble 
rCD4, and CD4 immunoadhesins (2yl and 4y 1). The 
immunoglobulin-like domains of CD4 are numbered 1 to 4; TM 
and CYT refer to the transmembrane and cytoplasmic domains. 
Soluble rCD4 is truncated after proline 368 of the mature CD4 
polypeptide. This results in a secreted, soluble polypeptide with 
an affinity for gpl20 similar to that of cell surface CD4 (ref. 7). 
The vertical division within IgGl indicates the junction of the 
variable (VH) and constant (CHI, hinge, CH2, and CH3) regions. 
Disulphide bonds formed within IgGl domains and the 
immunoglobulin-like domains of CD4 are indicated by (S-S). The 
positions of cysteine residues that form intermolecular disulphide 
bridges connecting the IgGl heavy-chain hinge to light and heavy 
chains are indicated by (S). CD4-derived and IgGl -derived 
domains of 2yl and 4yl are indicated by shaded and unshaded 
regions, respectively. The 2yl and 4yl immunoadhesins consist 
of residues I to 180 and residues 1 to 366 of the mature CD4 
polypeptide, respectively, fused to the first residue (serine 114) of 
the human IgGl heavy-chain constant region. 
Methods. For the expression of C D4 immunoadhesi ns, the sequen- 
ces of CD4 and human IgGl were fused by oligonucleotide- 
directed deletional mutagenesis after their insertion into a mam- 
malian expression vector used for soluble rCD4 expression 7 . A 
human IgGl heavy-chain cONA, obtained from a human spleen 
cDNA library using probes based on the published sequence 47 , 
was inserted at a unique Xba\ site found immediately 3' of the 
CD4 coding region in the same reading orientation as CD4. Syn- 
thetic 48-mer oligodeoxynucleotides, complementary to the 24 
nucleotides at the borders of the desired CD4 and IgGl fusion 
sites, were used as primers in the mutagenesis reactions using the 
plasmid described above as the template 48 . 

particularly interesting class of these CD4-immunoglobulin 
hybrids 'immunoadhesins*, because they contain part of an 
adhesive molecule 20 linked to the immunoglobulin Fc effector 
domain. 

Synthesis of CD4 immunoadhesins 

CD4 is an integral membrane protein with an extracellular region 
comprising four domains with homology to immunoglobulin 
variable domains 21,22 (Fig. 1). Soluble CD4 derivatives consist- 
ing of this extracellular region bind gpl20 with the same affinity 
as cell-surface CD4 (ref. 7). CD4 variants containing only 
domains 1 and 2 also bind gpl20 17,18 , but the affinity of this 
interaction is not known. We constructed a series of hybrid 
molecules consisting of the first two or all four immunoglobulin- 
like domains of CD4 fused to the constant region of antibody 
heavy and light chains (Fig. 1). 

We investigated the synthesis and secretion of these hybrids 
using transient expression in a human embryonic kidney-derived 
cell line. As shown in Fig. 2, immunoglobulin light and heavy 



chains are efficiently expressed in these cells, and light chain is 
efficiently secreted, but heavy chain is not unless a light chain 
is coexpressed. Thus the rules governing immunoglobulin chain 
secretion in these cells are the same as those for plasma or other 
lymphoid cells 23 . We first constructed hybrids that fused CD4 
with the constant regions of murine k- or yl -chains. These 
hybrids contained either the first two or all four immuno- 
globulin-like domains of CD4, linked at a position chosen to 
mimic the spacing between disulphide-linked cysteines seen in 
immunoglobulins (Fig. 1). As expected, the CD4-* hybrids were 
secreted well, whereas hybrids between CD4 and mouse yl- 
chain were expressed but not secreted unless a k -chain or a 
CD4-K hybrid was present. 

A different and unexpected picture emerged when analogous 
CD4-heavy-chain hybrids were constructed using the constant 
region of human IgGl heavy chain instead of mouse heavy 
chain. Such hybrids, containing either the first two or all four 
immunoglobulin-like domains of CD4 (named 2yl and 4yl 
respectively), were secreted in the absence of wild-type or hybrid 
light chains (Fig. 2a). Both 2yl and 4yl could be directly 
immunoprecipitated using Staphylococcus aureus protein A, 
which binds the Fc portion of IgGl, indicating that the protein 
A-binding sites of these constructs are fully functional. Indeed, 
both molecules can be purified to near homogeneity on protein 
A columns (Fig. 2b). 

Structure of CD4 immunoadhesins 

We examined the subunit structure of these immunoadhesin 
molecules using SDS-polyacrylamide gels (Fig. 2b). Without 
any reducing agent, the apparent relative molecular mass (M r ) 
of each construct doubled, demonstrating that both immuno- 
adhesins are disulphide-linked dimers. The hinge region of each 
immunoadhesin contains three cysteine residues, one normally 
involved in disulphide bonding to light chain, the other two in 
the intermolecular disulphide bonds between the two heavy 
chains in IgG. As the molecules are dimers at least one, and 
perhaps all three, of these cysteine residues are involved in 
intermolecular disulphide bonds. We examined the capacity of 
2yl and 4yl to form disulphide links with light chains. When 
an immunoadhesin construct was cotransfected with a light 
chain, the light chain produced could be precipitated by protein 
A. Mutagenic substitution of the first hinge-region cysteine with 
alanine abolished light-chain bonding, but did not affect 
dimerization (data not shown), indicating that this cysteine 
bonds the light chain in these hybrids, as in normal IgG. Thus 
the disulphide bond structure of these immunoadhesins seems 
to be analogous to that of immunoglobulins. 

gpl20 binding 

To determine whether our immunoadhesins retain the ability to 
bind gpl20 with high affinity, and whether the first two 
immunoglobulin-like domains are sufficient, we carried out 
saturation binding analyses with radioiodinated gpl20. Binding 
is saturable, showing a simple mass action curve (Fig. 3a). The 
dissociation constant (K d ) for the interaction of each 
immunoadhesin with gpl20, calculated by Scatchard analysis 
(Fig. 3a, inset), was indistinguishable from that of soluble rCD4 
( — 10~ 9 M) (Table 1). Thus, the N-terminal 170 amino acids of 
CD4 are sufficient for high-affinity binding. As these immuno- 
adhesins are homodimeric, they should each have two gpl20- 
binding sites. We examined this possibility by coating plastic 
microtitre wells with gpl20, then adding soluble CD4 or 
immunoadhesins. Both immunoadhesins could bind added 
labelled gpl20, whereas soluble rCD4, with only one gpl20 
binding site, could not (J. Porter and S. C, unpublished results). 
To confirm the bivalent nature of 2yl and 4yl, we examined 
their ability to agglutinate sheep red blood cells coated with 
gpl20. Again, both CD4 immunoadhesins, but not soluble rCD4, 
agglutinated the cells, showing that binding to gpl20 molecules 
on different cells is not sterically hindered. 
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Fig. 2 Expression, secretion and subunit structure of CD4 immunoadhesins and soluble rCD4. a, Expression and secretion of mouse 
immunoglobulins, soluble rCD4 and CD4 immunoadhesins expressed in mammalian cells. Cells were transfected with vectors directing the 
expression of murine K-light chain (lanes k) or yl-heavy chain (lanes y\) individually or together (lanes fc + yl), vectors encoding soluble 
rCD4 (lanes rCD4), and the CD4 immunoadhesins 2yl (lanes CD4 2 yj) or 4y 1 (lanes CD4 4 -y,). After metabolic labelling with [ 35 S]methionine, 
cell supernatants and cell lysates were analysed by immunoprecipitation. Lanes U, untransfected cells. 6, Subunit structure of secreted CD4 
immunoadhesins and soluble rCD4. Soluble rCD4, 2y\ and 4-yl were purified from culture supernatants of transfected cells and analysed by 
electrophoresis on a 7.5% SDS-polyacrylamide gel. Samples were prepared in buffer with 10 mM dithiothreitol (DTT) (reducing conditions) 
or without DTT (non-reducing conditions). The positions of relative molecular mass standards are indicated (in thousands). Both immuno- 
adhesins behaved as disulphide-linked dimers; in contrast, soluble rCD4 which is monomeric, displayed only a minor change in mobility 
upon reduction of its intra-molecular disulphide bonds. 

Methods, a, Cells were transfected by a modification of the calcium phosphate procedure, labelled with [ 3S S]methionine, and cell lysates 
prepared as described . Immunoprecipitation analysis was carried out as previously described 7 , with the exception that no preadsorbtion with 
Pansorbin (Calbiochem) was done, and the precipitating antibodies used were 2 u.1 of rabbit anti-mouse IgG serum (Cappell) for mouse IgG 
heavy and light chains, 0.25 jig of OKT4A (Ortho) for soluble rCD4, and no added antibody (Pansorbin only) for the CD4 immunoadhesins. 
Immunoprecipitated proteins were resolved on 10% SDS-PAGE gels, and visualized by autoradiography. fc, CD4 immunoadhesins were 
purified from transfected cell supernatants by protein A affinity chromatography followed by ammonium sulphate precipitation. Purified 
proteins were subjected to SDS-PAGE under both reducing and non-reducing conditions and visualized by silver staining. 



In vivo plasma half-life 

We examined whether the immunoadhesins share the long in 
vivo half-life of antibodies. Studies of rCD4 in rabbits provide 
clearance data that extrapolate well to other species, including 
humans (J.M., unpublished results). The change in plasma con- 
centration with time for each of the three CD4 analogues in 
rabbits is shown in Fig. 4. Analysis of these data reveals that 
soluble rCD4 has a terminal half-life in rabbits of ~15 min, 
whereas 4-yl and 2-yl have terminal half-lives of —7 and 48 h, 
respectively (Table 1). Thus the half-life of 2yl in rabbits is 
nearly 200 times longer than that of rCD4 and comparable to 
that of human IgG in rabbits (4.7 days) 24 . The half-life of 2yl 
in humans is expected to be longer than that in rabbits, because 
of the decreased proportional blood flow to eliminating organs 



as species increase in size 2S , and should be comparable with 
that of human IgGl (21 days). 

Our results confirm our initial hypothesis that, as in the case 
of immunoglobulin itself, one can increase the stability of a 
rapidly cleared molecule (Fab or rCD4) by fusing it to a long- 
lived molecule, Fc. The swift clearance of rCD4 is probably 
largely due to its size, M r 55,000, which means it is just small 
enough to be cleared efficiently by renal filtration. One com- 
ponent in the increased half-lives of these molecules is therefore 
probably their larger size; but this cannot be the whole story as 
4-yl, although larger than 2yl, has a shorter half-life. Both 4yl 
and rCD4, but not 2yl, contain two CD4-derived As n- linked 
carbohydrate sites which are glycosylated in rCD4 (R. Harris 
and M. Spellman, unpublished results); these sugar moieties 



Table 1 Properties of CD4 immunoadhesins and soluble rCD4 
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* Standard error of the mean was determined using the Inplot and Scatplot programs (see Fig. 3 legend), t Standard deviation indicated in hours. 
t Determined in ref. 24 (IgGl has a half-life of 21 days in humans). 
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Fig. 3 Binding properties of CD4 immuno- 
adhesins. a, Gpl20 saturation binding analysis 
of CD4 immunoadhesins. Immunoadhesin pro- 
teins 4yl (left) or 2yl (right) in transfected cell 
supernatants were incubated with increasing 
concentrations of purified soluble rgpl20 (ref. 
50) radioiodinated with lactoperoxidase. The 
lines drawn for the binding curves and for the 
Scatchard plots of the data (shown in the insets) 
represent the best fit as determined by unweigh- 
ted least-squares linear regression analysis. Dis- 
sociation constants calculated from these 
results and from binding studies of gpl20 to 
soluble rCD4 performed in parallel are given 
in Table 1. b, Binding of CD4 immunoadhesins 
to Fey receptors on U Q 37 cells. Competition 
binding analysis was carried out by mixing 
0.1 M-gmP 1 of l25 I-labelled human IgGl (Cal- 
biochem) with increasing concentrations of 
purified human IgGl (solid circle), 2-yl (solid 
square), 4yl (solid triangle), or soluble rCD4 
(open circle) proteins. Curves drawn represent 
the best fit as determined by unweighted least- 
squares nonlinear (IgG 1 , 2 y 1 and 4y 1 ) or linear 
(rCD4) regression analysis. Dissociation con- 
stants calculated from these results are shown 
in Table 1. c, Clq saturation binding analysis 
of CD4 immunoadhesins. Purified anti-gpl20 
IgG2a mouse monoclonal antibody (solid 
circle), 2yl (solid square), or 4yl (solid 
triangle) proteins were aggregated by binding 
to gp!20-coupled Sepharose, and incubated 
with increasing concentrations of purified 
human Clq (Calbiochem) radioiodinated with 

lactoperoxidase. The curve drawn for the anti-gpl20 monoclonal antibody (mAb) represents the best fit as determined by least-squares nonlinear 
regression analysis; the dissociation constant for Clq binding to this gp 120- aggregated anti-gpl20 mAb was ~ 1.8 x 10~ 8 M. 
Methods, a, Gpl20 saturation binding analysis was carried out as described 7 except that gpl20-CD4 immunoadhesin complexes were collected 
directly onto Pansorbin: binding was comparable to that observed when complexes were collected with OKT4A as for soluble rCD4. Specifically 
bound ,25 I-labelled gp!20 was determined from the difference in binding in the presence or absence of a 1,000-fold excess of unlabelled 
rgpl20 and is plotted against the total I25 I-labelled gpl20 concentration. fc, FcR binding analysis was done essentially as described 27 except 
that after centrifugation free IgGl was removed by aspiration of the aqueous and oil layers. Mixtures of l25 T-labelled human IgGl and IgGl, 
CD4 immunoadhesins or soluble rCD4 were incubated with U937 cells (2 x 10 6 cells per tube) for 60 min at 4 °C. Specific binding was calculated 
by subtracting residual nonspecific binding (<25% of specific binding) which could not be competed out by a 1,000-fold excess of unlabelled 
human IgGl. c, Clq binding analysis was done essentially as described 29 , except that gpl 20 coupled to CNBr-activated Sepharose 6B (Pharmacia) 
was used as the solid support to aggregate CD4 immunoadhesins or the anti-gp!20 mouse mAb. Proteins were adsorbed to gpl20 coupled-beads, 
incubated with varying concentrations of 125 I-labelled Clq, and bound and free Clq were then separated by centrifugation through 20% 
sucrose. Specific binding was determined from the difference in binding in the presence or absence of added antibody or immunoadhesin. All 
data analysis was carried out using the Inplot and Scatplot programs (R. Vandlen. Genentech). Scatplot was modified from the Ligand program 
fP. Muiicv. NIHt. 
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may facilitate clearance by receptors in the liver. The charge of 
the molecule may also be important, as the CD4 portion of 4yl 
contributes a net excess of eleven positively charged amino acids 
on 4yl, but only three on 2yl. This may increase uptake of 
rCD4 and 4y 1 onto anionic surfaces, accelerating their clearance 
from the circulation. 

Fc receptor and complement binding 

Two major mechanisms for the elimination of pathogens are 
mediated by the Fc portion of specific antibodies. Fc activates 
the classical pathway of complement, ultimately resulting in 
lysis of the pathogen, whereas binding to cell Fc receptors can 
lead to ingestion of the pathogen by phagocytes or lysis by killer 
cells. The binding sites for Fc cell receptors and for the initiating 
factor of the classical complement pathway, Clq, are found in 
the constant region of heavy chain 26 (the CH2 domain for Clq 27 
and the region linking the hinge to CH2 for Fc cell receptors 28 ). 
We aimed to incorporate both of these functions into the 
immunoadhesins. We chose the IgGl subtype to supply the Fc 
domain because IgGl is the best compromise between Fc bind- 
ing, Clq binding, and long half-life. We show below that the 
immunoadhesins bind FcR well, but do not bind Clq. 

Three types of Fc cell receptors are known to be expressed 
on a variety of leukocytes. Of these FcRI, principally expressed 



on mononuclear phagocytes, is the only one which binds 
monomeric human IgGl with high affinity 26 . We used competi- 
tion binding analysis with FcRI receptors on the U937 
monocyte/ macrophage cell line to characterize the Fc receptor 
binding of 2yl and 4-yl. Direct saturation binding analysis with 
human IgGl gave a K d of ~- 3xlO" 9 M. In competition bind- 
ing analyses, the two CD4 immunoadhesins, but not rCD4, 
bound to Fc receptors on U937 cells to the same extent and 
with an affinity indistinguishable from human IgGl (Fig. 36, 
Table 1). 

We examined the ability of the immunoadhesins to bind to 
the first component of the classical pathway of complement, 
Clq, by saturation binding analysis. Because binding of Clq 
increases with the aggregation state of the antibody, with an 
affinity of ~10~ 4 for monomers and —10" 8 for tetramers of 
IgG 26 , we first aggregated the immunoadhesin using gpl20 
linked to Sepharose. As a positive control, we measured Clq 
binding to an anti-gpl20 mouse IgG2a monoclonal antibody, 
(which like human IgGl binds Clq with high affinity 29 ) aggre- 
gated by the same gpl20-Sepharose. The affinity of the mouse 
antibody for Clq determined by Scatchard analysis was 1.8 x 
1CT 8 M (Fig. 3c), comparable to that observed for other mouse 
IgG2a and for human IgGl antibodies. In contrast, neither 
immunoadhesin bound C1q to any detectable extent (Fig. 3c), 
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Fig. 4 Pharmacokinetics of CD4 immunoad- 
hesins and soluble rCD4. Shown are the mean 
plasma concentrations (ng ml' 1 ) for 2yl 
(triangles), 4yl (squares), and rCD4 (circles) 
following a single intravenous administration 
in rabbits, a, Time course of plasma clearance 
over the first 120 minutes; 6, time course over 
8 days after injection of the CD4 analogues. 
Methods. Ten female New Zealand white rab- 
bits (Rabbitek, Modesto, California) were 
injected intravenously (via an ear vein catheter) 
with a single bolus dose (40 (xg kg" 1 in a volume 
of 1 ml) of either rCD4 (n = 2), 4yl (n « 4), or 
2yi (n = 3). Blood samples were obtained from 
an arterial catheter in the opposite ear; after 24 
hours, blood samples were obtained by 
venipuncture. Plasma concentrations of each 
protein were determined by an enzyme-linked 
immunosorbent assay. This capture assay used 
two antibodies, including an anti-CD4 mono- 
clonal directed against the gpl20-binding site 
(and capable of blocking gpl20 binding), and thus provided a sensitive assay for CD4-containing molecules that are still capable of binding 
gpl20. Exponential equations were fitted to the data of individual rabbits using a nonlinear least squares regression program NONLIN84® 
(Statistical Consultants, Lexington, Kentucky). The concentration (C.ngmr 1 ) versus time (/) data for rCD4 were best described by a 
biexponential equation C = 541 e -1 - 34 ' + 620 e~° 04721 where time is in minutes; the average terminal half-life was 14.7 min, and the average 
clearance was 3 ml min~ ! kg -1 . The 4-yi data were best described by a triexponential equation, C = 546 e~ 211r + 193 e" 20 51 + 46.8 e~ 2 54 ', where 
time is in hours. The average terminal half-life was 6.7 hours, and the average clearance was 0.91 ml min -1 kg~ ! . The 2yl data were best 
described by a triexponential equation, C = 153 e~ 53 2 ' + 342 e~ 2 l9 ' + 183 e~ 0351 ', where time is in hours. The average terminal half-life was 
48 hours, and the average clearance was 0.039 ml min' 1 kg^ 1 . 
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Fig. 5 Inhibition of HIV-1 infectivity by CD4 
immunoadhesins and soluble rCD4. a, Inhibi- 
tion of the cytopathic effects on ATH8 cells by 
HIV-1 was examined as described 32 with the 
HTLV-IIIB isolate 31 . The number of viable cells 
at day 10 after infection is shown for varying 
concentrations of each molecule in the presence 
(solid bars) or absence (shaded bars) of added 
virus. The absence of an effect of each CD4 
analogue on cell number in the absence of virus 
indicates that none of these molecules inhibited 
cell growth, b, Inhibition of infection of H9 
cells by HIV-1 was carried out as described 7 
with the HTLV-IIIB isolate. Reverse transcrip- 
tase activity was determined 7 days after infec- 
tion and is given as the percentage of the level 
seen in the absence of inhibitor. Solid and open 
circles represent 2yl and 4yl, respectively. c y 
Inhibition of infection of U937 cells by HIV-1 
(HTLV-IIIB isolate) was carried out as 
described above for H9 cells, d, Inhibition of 
infection of fresh human monocytes by the 
monocytotropic HIV-1 isolate Ba-L (ref. 35). 
HIV-1 replication was determined by measur- 
ing the level of p24 gag antigen synthesis 10 
days after infection using a commercial assay 
kit (Dupont). Circles, inverted triangles and 
triangles represent inhibition of p24 synthesis 
by soluble rCD4, 2yl and 4yl, respectively. 
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although both did bind the gpl20-Sepharose matrix in amounts 
comparable to the control antibody. 

Thus, our immunoadhesins bind well to Fc receptors. It is 
perhaps surprising that they do not bind Clq. As far as is known, 
all the critical contact residues for Clq binding reside in the 
CH2 domain of the heavy chain 26 , and are conserved among 
all the human IgG isotypes. However, these have varying 
abilities to mediate complement fixation. Thus steric hindrance 
or other aspects of protein conformation (for example, the 
segmental flexibility of antibodies 30 ) may be important. 

Infectivity studies 

Two systems were used to study the in vitro ability of CD4 
immunoadhesins to block infection of CD4-bearing T cells by 



the HIV-1 T-lymphotrophic isolate HTLV-IIIB (ref. 31). Infec- 
tion with HIV-1 exerts a profound cytopathic effect on the 
human T-cell clone ATH8, with more than 98% of the cells 
being killed by day 10 after infection 32 (Fig, 5a). Both CD4 
immunoadhesins blocked cell killing with the same potency as 
soluble rCD4, without inhibiting cell proliferation; each CD4 
analogue completely abolished cell killing at a concentration of 
-~0.05 (jlM (Fig. 5a). Complete protection was also observed at 
comparable concentrations with a different HIV-1 isolate, 
HTLV-III RF, which is not neutralized by sera from animals 
immunized with rgpl20 from the I1IB isolate 5 . We also examined 
the production of HIV-1 reverse transcriptase activity after infec- 
tion of the H9 human T-cell line. Again, both immunoadhesins 
completely blocked virus production by day 7 (Fig. 5b), at 
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concentrations comparable to rCD4 (data not shown); moreover 
the potency of each CD4 analogue was markedly higher 
(—fivefold) than that observed in the ATH8 assay. 

Monocyte infection 

Because it has been suggested that antibodies present in sera 
from HIV-1 infected individuals may enhance the infectivity of 
HIV-1 in Fc receptor (FcR)-bearing cells such as primary blood 
monocytes 33 , and monocyte cell lines 34 , we examined the effect 
of rCD4 and CD4 immunoadhesins on HIV-1 infection of 
FcR-expressing cells of monocyte/ macrophage origin. Both 
CD4 immunoadhesins completely blocked HIV-1 IIIB virus 
production in U937 cells at similar concentrations to those found 
to be effective on H9 cells (Fig. 5c), with a potency comparable 
to that of soluble rCD4 (data not shown). In another system, 
the replication of a monocytotrophic HIV-1 isolate, Ba-L 35 , in 
fresh monocytes was monitored by the production of p24 anti- 
gen. Soluble rCD4 completely blocked infection, indicating that 
infection of monocytes by the Ba-L isolate does involve CD4. 
Both CD4 immunoadhesins also completely blocked p24 pro- 
duction, at concentrations equal to or lower than rCD4 (Fig. 
5d). Thus the CD4 immunoadhesins are at least comparable to 
soluble rCD4 in their ability to prevent infection of 
monocyte/ macrophages by HIV; no evidence was found for 
enhancement of infection by immunoadhesins (or by soluble 
rCD4) in cells which express high affinity Fc receptors. 

Implications for treatment of HIV-1 disease 

Because the hallmark of HIV-1 disease is the specific destruction 
of CD4 + T cells, and the progression of infected individuals to 
AIDS closely parallels their decline in CD4 + T-cell number 36 , 
it is reasonable to believe that the interaction of gpl20 with 
CD4, either by direct HIV-1 infection of CD4 + cells or otherwise, 
underlies the killing of CD4 + cells. Therefore, if this interaction 
can be stopped it may be possible to prevent disease progression. 
But despite the logic of this hypothesis, the observation that 
only a very few lymphocytes are actively infected with HIV-1 
in vivo 31 has posed a problem to those attempting to explain 
the causative role of HIV-1 in the aetiology of AIDS 38 . Two 
observations may explain the 'catalytic' ability of HIV-1 to 
deplete CD4 + lymphocytes: first, a single infected cell can fuse 
many uninfected CD4 + cells to itself, creating an inviable 
mass 39 * 40 ; and second, gpl20 is shed from the surface of HIV-1- 
infected cells and virions 41 , as its link to gp41, its anchor protein 
partner, is probably non-covalent. This shed gpl20 binds to 
surface CD4 on uninfected cells with high affinity, and can result 
in their functional alteration 42,43 or death by one of two pathways 
shown to operate in vitro. Bystander cells coated with gpl20 
bound to their CD4 surface molecules become targets for anti- 
gpl20 antibodies produced by HIV-1 infected individuals and 
can be killed via antibody-dependent cell-mediated cytotoxic- 
ity 44 . Also, MHC class II-positive CD4 + T cells can internalize 
gpl20 bound tightly to CD4 on their surface, process it, and 
present peptides derived from it on their class II molecules, thus 
becoming sensitive, even at low gpl20 concentrations, to lysis 
by gp 120-specific cytotoxic T cells 19,45,46 . The important common 
factor in all these proposed mechanisms of cell destruction is 
that gpl20 must bind specifically to cell-surface CD4. If these 
mechanisms are important in vivo, this would imply that soluble 
rCD4 could intervene. 

But to affect the disease noticeably, one would expect to need 
to maintain a high concentration of rCD4, which is hampered 
by its rapid clearance. Our approach to this problem was to 
fuse the gpl20-binding domain of CD4 to a molecule well 
designed to avoid the clearance mechanisms of the body. Indeed, 
the Fc domain and CD4 sequences are structurally compatible, 
as the hybrid molecules have important properties of both 
parents. Thus, they bind gpl20 and block infection of T cells 
by T-lymphotrophic HIV-1 and of monocytes by mono- 
cytotrophic HIV-1. They are also comparable to antibodies in 



their long plasma half-life and their ability to bind Fc receptors 
and protein A. This combination of properties allows both a 
better passive defence, due to the higher plasma concentrations 
attainable even with infrequent injection, and the possibility of 
actively attacking HIV-1 and infected cells. A high steady-state 
level also makes it more likely that effective concentrations will 
be attained in lymph and lymphatic organs, where HIV may be 
most active. 

The high-affinity binding of the immunoadhesins to Fc recep- 
tors implies that mechanisms of pathogen elimination, such as 
phagocytic engulfment and killing by antibody-dependent cell- 
mediated cytotoxicity, may be recruited by these immuno- 
adhesins to kill HIV-1 infected cells and virus. As it is possible 
that antibody-dependent cell-mediated cytotoxicity in an infec- 
ted individual may be more a mechanism of pathology in HIV-1 
infection than a protective response 44 , it is important to note a 
difference between CD4 immunoadhesins and the patients' own 
anti-gpl20 antibodies: the immunoadhesin, in contrast to anti- 
body, cannot recognize gpl20 bound to an uninfected CD4 + 
bystander cell, as gpl20 has only a single binding site for CD4. 
Because placental transfer of antibody, unique to the IgG sub- 
class, also proceeds through an FcR-dependent mechanism, 
CD4 immunoadhesins may also be transferred in utero. This 
may have implications for the prevention of perinatally transmit- 
ted HIV-1 infection. 

Although it is not yet clear which of the functions of 
immunoglobulins will be advantageous when applied to HIV 
infection, we have taken the approach of trying to add all 
possible functions to our immunoadhesins. Once the structural 
requirements for the optimal molecule are established, functions 
can be tailored at will, as the parent antibody molecule is so 
well understood. 

We thank Drs Paula Jardieu, Avi Ashkenazi and Stephen 
Sherwin for advice and helpful discussions, Dr Rebecca Ward 
for helpful discussions and critical reading of the manuscript, 
Steven Frie for performing CD4 enzyme-linked immunosorbent 
assays, Vivek Bajaj and Wally Tanaka for large scale cell culture, 
Drs R. Harris, M. Spellman and J, Porter for allowing us to cite 
unpublished data, Steve Williams for murine immunoglobulin 
cDNAs, Mark Vasser, Parkash Jhurani and Peter Ng for syn- 
thetic DNA, Dr Brian Fendly and Kim Rosenthal for anti-gpl20 
monoclonals, and Carol Morita and Kerrie Andow for prepar- 
ation of the figures. R.B. and J.G. are supported by grants from 
the NIH and the US Defense Department. 

Received 3 November; accepted 16 December 1988. 

1. Curran, J. et al Science 239, 610-616 (1988). 

2. Hu, S.-L. et al Nature 328, 721-723 (1987). 

3. Berman, P. et al Proc natn. Acad. Sci. U.S.A. 85, 5200-5204 (1988). 

4. Prince, A. et al Proc. natn. Acad. Set U.S.A. 85, 6944-6948 (1988). 

5. Weiss, R. et ai Nature 324, 572-575 (1986). 

6. Mitsuya, H. & Broder. S. Nature 325, 773-778 (1987). 

7. Smith, D. et al. Science 328, 1704-1707 (1987). 

8. Sattcntau, Q. & Weiss, R. Cell 52, 631-633 (1988). 

9. Janeway. C. Nature 335, 208-210 (1988). 

10. Dalgleish, A. et al. Nature 312, 763-767 (1984). 

11. KJaumann. D. et aL Nature 312, 767-768 (1984). 

12. Maddon, P. et al Cell 47, 333-348 (1986). 

13. McDougal, J. et al Science 231. 382-385 (1986). 

14. Fisher. R. et al Nature 331. 76-78 (1988). 

15. Hussey, R. et al Nature 331, 78-81 (1988). 

16. Deen. K. et al Nature 331, 82-84 (1988). 

17. Traunecker, A., Luke, W. & Karjalainen, K. Nature 331, 84-86 (1988). 

18. Berger, E., Fuerst, T. & Moss, B. Proa natn. Acad Set U.S.A. 85, 2357-2361 (1988). 

19. Siliciano, R. et al Cell 54, 561-575 (1988). 

20. Doyle, C. & Strominger, J. Nature 330, 256-259 { 1987). 

21. Maddon. P. et al Cell 42, 93-104 (1985). 

22. Clark, S., Jefferies, W., Barclay, A., Gagnon, J. & Williams, A. Proc. natn. Acad. Sci. U.S.A. 

84, 1649-1653 (1987). 

23. Dorai. H. & Moore, G. J. Immun. 139, 4232-4241 (1987). 

24. Nakamura, R., Speigelberg, H., Lee, S. & Wiegle, W. J. Immun. 100, 376-383 (1968). 

25. Mordemi, J. / Pharmaceut. Sci. 75, 1028-1040 (1986). 

26. Burton, D. Xfolec Immun. 22, 161-206 (1985). 

27. Duncan, A. & Winter, G. Nature 332, 738-740 ( 1988). 

28. Duncan, A., Woof, J., Partridge, L., Burton. D. & Winter, G. Nature 332, 563-564 (1988). 

29. Leatherbarrow, R. & Dwek, R. Motec. Immun. 21, 321-327 (1984). 

30. Feinstein, A., Richardson. N. & Taussig, M. J. Immun. Today 7, 169-174 (1986). 

31. Gallo, R. et al. Science 224, 500-505 (1984). 

32. Mitsuya. H. & Broder. S. Proc. natn. Acad. Sci. U.S.A. 83, 191 1-1915 (1986). 



B-74 



NATURE VOL. 337 9 FEBRUARY 1989 



UETTERS TO NATURE 



531 



33. Homsy, Tateno. M, A Levy, J. Lancet i, 1285-1286 (1988). 

34. Takeda, A., Tuazon, C A Ennis, F. Science 242, 580-583 {1988). 

35. Gartner, S. et al Science 233-, 215-219 0986). 

36. Lane, H. A Fauci, A. A. Rev. Immun. X, 477-500 (1985). 

37. Harper, M., Marselle, L. r Gallo, R. A Wong-Siaal, F. Proc natn. Acad. Sci. U.S.A. 83, 

772-776 (1986). 

38. Duesberg, P. Science 241, 514 (1988). 

39. Lifson, J., Reyes, G., McGrafh, M., Stein, B. A En gel man, E. Science 232, 1123-1127 (1986). 

40. Sodroski, J., Goh, W., Rosen, C, Campbell, K. A Haseltine, W. Nature 322, 470-474 (1986). 

41. Schneider, I., Kaaden, O., Co pel and, T. D., Oroslan, S. A Hunsmann, G. / gen Virol 67, 

2533-2539 (1986). 



42. Lynette, G.» Hartzman. R, Ledbetter, J. A June, C. Science 241, 573-576 (1988). 

43. Kornfeld, H., Cruikshank, W., Pyle. S., Berman, J. A Center, D. Nature 333, 445-448 (1988). 

44. Lyerly, H. Matthews, T., Langlois. A., Bolognesi, D. A Weinhold, K.. Proc natn. Acad. Sci. 

U.S.A. 84, 4601-4605 (1987). 

45. Laniavecchia, A., Roosneck. E., Gregory, T., Berman, P. A Abrignani, S. Nature 334, 

530-532 (1988). 

46. Sethi, K., Naher, H. A Stroehmann, (. Nature 335, 178-181 (1988). 

47. Ellison, J. P., Bcrson, B. J. A Hood, L. E. Nucleic Acids Res. 10, 4071-4079 (1982). 

48. Zoller, M. A Smith, M. Nucleic Acids Res. 10, 6487-6500 (1982). 

49. Muesing, M.. Smith, D. A Capon, D. Cell 48, 691-701 (1987). 

50. Lasky, L et al Cell 50, 975-985 (1987). 



LETTERS TO NATURE 



A 1 10-ms pulsar, with negative period 
derivative, in the globular cluster M15 

A. Wolszczan*, S. R. Kulkarnit, J. Middleditchi, 
D. C. Backer§, A. S. Fruchter|| & R. J. Deweyf# 

* Arccibo Observatory, Arecibo, Puerto Rico 00613 

t Department of Astronomy, California Institute of Technology, 

Pasadena, California 91125, USA 

t Computing and Communications Division, 

Los Alamos National Laboratory, New Mexico 87545, USA 

§ Astronomy Department, University of California, Berkeley, 

California 94720, USA 

|| Joseph Henry Laboratories and Physics Department, 
Princeton University, Princeton, New Jersey 08544, USA 
1f Center for Radiophysics and Space Research, Cornell University, 
Ithaca, New York, 14853, USA 



We report the discovery of a 110-ms pulsar, PSR2127 + 11, in the 
globular cluster M15 (NGC7078) 1 . The results of nine months of 
timing measurements place the new pulsar about 2" from the centre 
of the cluster, and indicate that it is not a member of a close 
binary system. The measured negative value of the period deriva- 
tive, Pa: —2 x 10" 17 s s~\ is probably the result of the pulsar being 
bodily accelerated in our direction by the gravitational field of 
the collapsed core of Ml 5. This apparently overwhelms a positive 
contribution to P due to magnetic braking. Although PSR2127 + 
11 has an unexpectedly long period, we argue that it belongs to 
the class of 'recycled' pulsars, which have been spun up by accretion 
in a binary system. The subsequent loss of the pulsar's companion 
is probably due to disruption of the system by close encounters 
with other stars 2,3 . 

The discoveries of millisecond pulsars in globular clusters 
M28 (ref. 4) and M4 (ref. 5) led us to survey all clusters accessible 
to the 305-m Arecibo radio telescope (0°=£ 5 =s= 38°). A dual- 
polarization, 40-MHz-bandwidth signal at 1415 MHz was 
passed through the Arecibo digital correlator, sampled with 
128 lags every 506.6 u,s, and recorded on tape. The relatively 
high central radio frequency ensured an almost interference free 
signal and minimized the effects of interstellar dispersion and 
scattering, which can be significant for distant, low-galactic- 
latitude clusters. M15 was observed on 28 December 1987 for 
90 minutes, which corresponds to — 1 1 million samples. 

The data were analysed at both the Cornell National Super- 
computer Facility (IBM 3090-600E) and the Los Alamos 
National Laboratory (Cray X-MP). Both analyses involved pre- 
liminary dedispersion of the multichannel data at 128 or 64 trial 
dispersion measures, followed first by one-dimensional Fourier 
transformation of the dedispersed time series and then by a 
search for harmonically related spikes in the resultant power 
spectra. The Cray X-MP analysis used the full, 11 -million- 
sample data arrays to obtain maximum sensitivity with regard 
to isolated pulsars. The data analysed with the IBM supercom- 
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Fig. 1 The average pulse profile of PSR2127+11 at 1415 MHz. 
The effective resolution is —800 \ls and the integration time is 
7 hours. 

puter were divided into five 2-million-sample blocks, which were 
treated separately to maintain high sensitivity to binary pulsars 
with short orbital periods. The nominal 6cr sensitivities of these 
two analysis schemes were 0.05 mJy and 0.1 mJy respectively, 
for the periods down to —2.5 ms. 

The data analysis at Cornell revealed the presence of a 1 10-ms, 
high-Q periodicity in the received signal with dispersion 
measure DM = 60 peem -3 . This detection was subsequently 
confirmed at Los Alamos. Further observations made at Arecibo 
on 20 and 21 February 1988 confirmed the discovery of a 1 10-ms 
pulsar. The average pulse profile of PSR2127+11 observed at 
1415 MHz is shown in Fig. 1. The pulsar parameters, derived 
from our twice-weekly timing observations over nine months, 
are summarized in Table 1. Errors quoted are the standard 3cr 
errors of a model fit to the observed pulse arrival times. 

Although the precise timing and Very Large Array (VLA) 
positions of PS R2 127+ 1 1 will become known soon, the present 
positional accuracy is sufficient to conclude that the pulsar is 
located well within the 6" core radius of the cluster, 2.0" west 
and 0.6" north of the centre 6 . The dispersion measure of 
PSR2127 +11, DM = 67.25 pc cm -3 , agrees well with that expec- 
ted from a simple model of the galactic electron density distribu- 
tion 7 , given the distance, £> = 9.7 kpc, and galactic coordinates, 



Table 1 Measured parameters of the pulsar PSR2127 + 1 1 



Pulsar period 


0.1 1066470954 ± 0.00000000001 s 


Period derivative 


(-20±l)xi0- 18 ss"' 


Epoch 


JD 2447213.15 


Dispersion measure 


67.25 ±0.05 pc cm -3 


Flux density (430 MHz) 


1.7 ±0.4 mJy 


Flux density (1400 MHz) 


0.2 ±0.05 mJy 


Right Ascension (B 1950.0) 


21 h 27 m 33.22 s ±0.01 


Declination (B1950.0) 


ll o 56'49.4"±0.3 


Distance 


9.7 kpc 
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A Domain in TNF Receptors 

That Mediates 
Ligand-lndependent Receptor 
Assembly and Signaling 

Francis Ka-Ming Chan, Hyung J. Chun, Lixin Zheng, 
Richard M. Siegel, Kimmie L. Bui,* Michael J. Lenardof 



A conserved domain in the extracellular region of the 60- and 80-kilodalton 
tumor necrosis factor receptors (TNFRs) was identified that mediates specific 
Hgand-independent assembly of receptor trimers. This pre-ligand-binding as- 
sembly domain (PLAD) is physically distinct from the domain that forms the 
major contacts with ligand, but is necessary and sufficient for the assembly of 
TNFR complexes that bind TNF-a and mediate signaling. Other members of the 
TNFR superfamily, including TRAIL receptor 1 and CD40 f show similar homo- 
typic association. Thus, TNFRs and related receptors appear to function as 
preformed complexes rather than as individual receptor subunits that oli- 
gomerize after ligand binding. 



Tumor necrosis factor (TNF-a) is an impor- 
tant effector cytokine for immune responses 
and inflammation (/). TNF-a exerts its bio- 
logical effects through two TNF receptors 
(TNFRs): a 60-kD receptor (p60) and an 
80-kD receptor (p80). The TNFRs are the 
prototypes of a large family of cell surface 
receptors that are critical for lymphocyte de- 
velopment and function (2). Homotrimeric 
TNF-a is thought to recruit three receptor 
chains into a complex that juxtaposes the 
cytoplasmic domains (CDs). Subsequently, 
p60 recruits apoptosis-inducing and other 
proteins through a "death domain" in its cy- 
toplasmic tail, whereas p80 induces inflam- 
matory responses through a cytoplasmic 
TNFR-associated factor (TRAF)- binding 
domain (3). Signaling may also require loss 
of binding of cytosolic negative regulators 
such as the Silencer of Death Domain 
(SODD) protein (4). The extracellular do- 
main (ECD) of both TNFRs contains three 
well-ordered cysteine-rich domains (CRD1, 
-2, and -3) that characterize the TNFR super- 
family and a less conserved, membrane-prox- 
imal, fourth CRD (5). The ligand-binding 
pocket for TNF-a is mainly formed by CRD2 
and CRD3 of the TNFRs (5). How CRD1 
contributes to receptor function is unknown. 

Because the first step in signaling by 
members of the TNFR superfamily is thought 
to be ligand-induced trimerization of the re- 
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ceptor (6), we attempted to identify trimer 
complexes using the thiol-cleavable, mem- 
brane-impermeant, chemical crosslinker 
3,3'-dithiobis[sulfosuccinimidyIpropionate] 
(DTSSP) (7). Indeed, complexes were found 
for p80 that exhibited molecular sizes ap- 
proximately three times the unit size, consis- 
tent with glycosylated and nonglycosylated 
trimers (Fig. 1A). The p80 complexes were 
efficiently captured in the presence or ab- 
sence of TNF-a (65 to 70% by densitometry). 
Despite the fact that most p60 resides in the 
Golgi apparatus and was inaccessible to the 
cross-linker (8), as much as 15 to 20% of 
the p60 chains were cross-linked as appar- 
ent trimers and discrete higher order com- 
plexes, whether or not TNF-a was added 
(Fig. 1A). Control experiments detected no 
endogenous TNF-a and no other proteins 
such as p80 cross-linked to the p60 com- 
plex (9). The complexes were reduced to 
monomers by cleaving the cross-linker with 
p-mercaptoethanol (Fig. 1A). 

Because p60 and p80 chains apparently 
self-associate before ligand binding, we 
sought a domain that would mediate ligand- 
independent self-assembly. It is well estab- 
lished that the cytoplasmic death domain of 
p60 can self-associate and trigger apoptosis 
when overexpressed (10). However, because 
the preassembled complexes we observed 
were apparently nonsignaling, we hypothe- 
sized that the assembly domain resides out- 
side of the cytoplasmic region. Indeed, the 
NH 2 -terminal regions of the ECDs of p60 and 
p80 could specifically self-associate in a 
yeast two-hybrid interaction assay (//). In 
mammalian cells, a chimeric p60 receptor 
with the CD replaced by the green fluorescent 
protein (GFP) interacted strongly with a CD- 
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deleted p60 (p60ACD-HA) but not with the 
TNFR-like herpesvirus receptor (HveAACD- 
HA) (Fig. IB) (12). GFP alone failed to 
associate with p60ACD-HA (Fig. IB). Ho- 
motypic interaction was also observed be- 
tween full-length p80 and p80ACD-HA (Fig. 

IC) . However, removal of amino acids 10 
through 54 of p80, overlapping CRD1, com- 
pletely abrogated association with intact p80 
(Fig. 1C). Self-association was eliminated by 
a similar deletion (amino acids 1 through 54) 
in p60 (J3). 

The importance of the NH 2 -terminus of 
p80 (amino acids 10 through 54) was further 
illustrated by experiments in which it was 
appended to the p60 receptor. This chimeric 
receptor interacted with full-length p80 (Fig. 

ID) . Thus, this domain was sufficient to me- 
diate specific association of a heterologous g 
receptor. This association is ligand-indepen- o 
dent because the chimera p80 , o_ 54 60 55 _ 2 u (R 1 ) - ^ 
HA has two amino acids encoded by an Eco t— 
RI restriction site inserted at the junction of 

the p80 and p60 sequences that abolished § 
TNF-a binding but permitted self-association § 
(Fig. 1 E). Thus, a distinct functional domain 
of the TNFR-ECD mediates self-assembly in o 
the absence of ligand. Henceforth, we refer to E? 
this as the pre-ligand-binding assembly do- ^ 
main (PLAD). 05 

The deletion of the PLAD from either p60 § 
or p80 completely abrogated ligand binding ^ 
(Table 1 and Fig. IE) but was unlikely to .32 
disrupt the overall ECD structure (14). Howev- to 
er, the addition of the PLAD from p80 enabled 5 
the PLAD-deleted p60 (p80 lo _ 54 60 55 _ 2ll -HA) | 
to bind TNF-a (Fig. IE). Thus, efficient £ 
TNF-a binding by TNFRs depends on recep- o 
tor self-assembly. Furthermore, two substitu- ^ 
tions (15) in the PLAD that are not expected .g 
to disturb direct ligand contact, Lys 19 g 
Tyr 2o^ Ala i9 Ala 2o (KY19/20AA) and Lys 32 c 
—> Ala 32 (K32A) (5), abrogated self-associa- ^ 
tion (Fig. 2A) and eliminated TNF-a binding Q 
(Table I). Substitution of another residue 
within the PLAD, Q24A (16), did not affect 
self-association or TNF-a binding (Fig. 2A 
and Table 1). In contrast, two substitutions 
outside of the PLAD in the CRD2 ligand 
binding pocket, E57A and N66F, disrupted 
TNF-a binding but had little effect on recep- 
tor self-association (Table 1 and Fig. 2 A). 
Association of a mutant receptor lacking the 
CD with the wild-type ECD correlated with 
its ability to dominantly interfere with p60- 
induced apoptosis, indicating that the mutant 
receptors enter into endogenous functional 
p60 receptor complexes via the PLAD (Table 
1). Thus, the PLAD is physically distinct 
from the ligand contact domain but is none- 
theless essential for efficient TNF-a binding 
and receptor function. 

To confirm receptor self-interaction in liv- 
ing cells, we used a flow cytometric approach 
to analyze fluorescence resonance energy 
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Fig. 1. Definition of the PLAD. (A) Trimeric TNFR complexes in the 
absence of ligand. H9 cells were treated as indicated and analyzed for 
p60 or p80 complexes on Western blot (WB). The position of monomers 
(M), trimers (T), and a nonspecific protein species (open circle) are 
shown. (B) Specific self-association of p60. 293T cells were transfected 
with p60ACD-GFP-HA (lanes 1 through 3) or pEGFP-NI (lanes 4 through 
6) and with pcDNA3 (lanes 1 and 4), p60ACD-HA (lanes 2 and 5), or 
HveAACD-HA (lanes 3 and 6). Immunoprecipitation (IP) (top two panels) 



and WB (bottom panel) are shown (72). (C) Specific self-association of 
p80. IP and WB were done as shown. The glycosylated and unglycosy- 
lated forms of p80 (open circles) and IgH (solid circle) are indicated. (D) 
The PLAD is necessary and sufficient for self-association. Cotransfection 
of p80ACD-GFP-HA (lanes 1 through 5) with the indicated plasmids is 
shown. IP and WB are shown. (E) The PLAD is required for TNF-a binding 
(26). The numbers shown are percentages of positive population com- 
pared to the vector-transfected control. 



Table 1. Summary of the phenotypes of the p60ACD mutants (76). 
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P 60 55-211 
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NT 




K19E 


1.05 


1.07 


1.1 


NT 
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KY19/20AA 


0.59 


0.14 


0.03 






Q24A 


1.06 


0.97 


1.13 


+ 
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K32A 


0.36 


0.01 


0.01 






DT49/50AA 


1.16 
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1.13 


NT 


+ 


E57A 


1.68 
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T61A 


1.42 
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1.35 


NT 
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N66F 


0.67 
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R77A 
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W108T 


1.32 
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L112E 
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*Staining of p60-specific monoclonal antibody clone MAB225 (R&D Systems). The values were normalized against the 
staining of the HA epitope tag by dividing the percentage of MAB225-positive cells by the percentage of HA-positive 
cells. f Staining with p60-specifc monoclonal antibody clone 4.12 (Zymed) was normalized against HA 
staining. JTNF-a binding was determined with a biotinylated form of TNF-a and normalized against HA staining 
(26). § Self-association was determined by immunoprecipitation assays in 293T transient transfections as described 
(72). NT, not tested. [[Dominant interference was determined as described (27). Dominant inhibition by the 
p60ACD-HA mutants was at least 50% of p60ACD wild type (+). p60 55 . 211 , KY19/20AA, and K32A did not confer any 
protection (<5%) against TNF-induced death (— ) in all experiments. The antibodies and TNF-a binding to p60ACD are 
arbitrarily set at 1. Results are representative of three independent experiments. 



transfer (FRET) (17) between receptor sub- 
units fused at the COOH-terminus to either 
cyan fluorescent protein (CFP) or yellow flu- 
orescent protein (YFP) (18) as described in 
an accompanying paper [also see the protocol 
at Science's STKE (www.stke.org/cgi/content/ 
full/OC_sigtrans;2000/38/pll)] (19). We found 
that there was energy transfer between 
p60ACD-CFP and p60ACD-YFP that in- 
creased substantially after the addition of 
TNF-a (Fig. 2B). This FRET was abolished by 



deletion of the PLAD or by the K32A mutation 
that prevented PLAD association (Fig. 2B). The 
p80ACD-CFP:p80ACD-YFP pair also yielded 
a strong FRET signal that increased with 
TNF-a addition (Fig. 2B). Controls using 
p60ACD-YFP as an acceptor for p80ACD-CFP 
or CFP-p80ACD (CFP fused to the NH 2 -termi- 
nus of p80 ECD) as donor showed no FRET 
(Fig. 2B). Thus, the p60 and p80 chains are in 
close proximity to themselves in living cells, 
and ligand induces a change in the complexes 



that leads to tighter association of the CFP and 
YFP moieties in the cytoplasm. Furthermore, 
other members of the TNFR superfamily, in- 
cluding the ECDs of TRAIL receptor 1 (DR4), 
CD40 (Fig. 2, C and D), and Fas (19, 20), all 
self-associate but do not interact with ECDs 
from heterologous receptors. Thus, self-assem- 
bly through the PLAD is a conserved feature of 
the TNFR superfamily. 

The presence of PLAD-mediated pre-as- 
sembled TNFR complexes sheds new light on 
signaling by this large family of receptors, 
many of which are critical for lymphocyte 
function and homeostasis (2). Previously, li- 
gand was thought to bring monomer receptor 
chains into apposition in threefold complexes 
that recruit cytoplasmic signal transduction 
proteins (/, 5, 5, 6). It is now clear that p60 
and p80 preassociate as oligomers on the cell 
surface and are only found as monomers if 
the PLAD is deleted. Cross-linking the en- 
dogenous p60 and p80 receptors suggests that 
trimers are a favored conformation. However, 
the p60 ECD crystallizes in the absence of 
ligand as parallel dimer (27), which suggests 
that further work will be needed to define the 
stoichiometry of cell-surface oligomers. The 
presorting of chains into homotypic complex- 
es on the cell surface could promote the 
rapidity and specificity of response for the 
different receptors in the TNFR superfamily 
(J). Also, "receptor interference" in which, 
for example, a p80 chain (lacking a death 
domain) is recruited by TNF-a into a com- 
plex with p60 and causes dominant inhibition 
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Fig. 2. Receptor association for p60, p80, and other TNFR family recep- 
tors. (A) Replacement of residues in the PLAD, but not of the ligand- 
binding domain, prevents self-association. IP and WB were done as 
indicated in Fig. 1 (12). HveAACD-HA (solid circle) and p60ACD-GFP-HA 
(open circle) are shown. (B) p60 and p80 TNFRs as demonstrated by FRET 
(79). Flow cytometric analysis of 293T cells transfected with the indi- 
cated CFP (top) and YFP (bottom) plasmid pairs is shown. The dashed line 
represents the CFP-alone control, the solid line represents FRET without 
TNF-a, and the thick line represents FRET with TNF-a added. (C) 
Self-association of CD40 and DR4. IP and WB were performed with antibodies to GFP and HA, respectively. The solid circles denote the CFP fusion 
proteins, and the arrowheads indicate the ACD protein in the immune complexes. (D) Specific receptor association of DR4 and CD40 as demonstrated 
by FRET. Transfections with the indicated CFP (top) and YFP (bottom) plasmid pairs were performed as in (B). The dashed lines represent background 
FRET with CFP alone, and the thick lines represent FRET in the presence of both CFP and YFP fusion proteins. 



of apoptosis would be avoided (22, 23). Pre- 
assembly has been described for other recep- 
tor families, notably interleukin- 1 (IL-1) and 
IL-2 receptor, which are composed of hetero- 
mers of different polypeptides (24). The 
erythropoietin receptor dimers apparently un- 
dergo a scissors-type movement to accommo- 
date ligand (25). In that case, self-association 
of the receptor chains occurs via the same 
amino acid contacts that are critical for ligand 
binding (25). By contrast, the TNFR super- 
family uses a dedicated self-association do- 
main distinct from the CRD2/3 ligand contact 
region. Identification of the PLAD could al- 
low development of therapeutics that selec- 
tively inhibit the PLAD of individual TNFR- 
like receptors and thereby prevent signaling. 
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Fas Preassociation Required for 
Apoptosis Signaling and 
Dominant Inhibition by 
Pathogenic Mutations 

Richard M. Siegel, 1 John K. Frederiksen, 1 David A. Zacharias, 2 
Francis Ka-Ming Chan, 1 Michele Johnson, 1 David Lynch, 3 
Roger Y. Tsien, 2 Michael J. Lenardo 1 * 

Heterozygous mutations encoding abnormal forms of the death receptor Fas 
dominantly interfere with Fas-induced lymphocyte apoptosis in human auto- 
immune lymphoproliferative syndrome. This effect, rather than depending on 
ligand-induced receptor oligomerization, was found to stem from ligand- 
independent interaction of wild-type and mutant Fas receptors through a 
specific region in the extracellular domain. Preassociated Fas complexes were 
found in living cells by means of fluorescence resonance energy transfer be- 
tween variants of green fluorescent protein. These results show that formation 
of preassociated receptor complexes is necessary for Fas signaling and dom- 
inant interference in human disease. 



Fas (CD95 or APO-1) is a cell surface recep- 
tor that transduces apoptotic signals critical 
for immune homeostasis and tolerance (1-3). 
The Fas protein is a 317-amino acid type 1 
transmembrane glycoprotein with three extra- 
cellular cysteine-rich domains (CRDs) that 
are characteristic of the tumor necrosis factor 
receptor (TNFR) superfamily. Both Fas and 
Fas ligand (FasL) are predicted to form trim- 
ers, with CRD2 and CRD3 forming the major 
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contact surfaces for FasL (4, 5). The Fas 
cytoplasmic portion contains a death do- 
main that rapidly recruits the adaptor mol- 
ecule FADD (Fas-associated death domain 
protein) and the caspase-8 proenzyme after 
binding of FasL or agonistic antibodies, 
leading to caspase activation and apoptosis 
(6-10). 

Patients with autoimmune lymphoprolif- 
erative syndrome (ALPS) type 1A have het- 
erozygous germ line mutations in the APT-1 
Fas gene. Their lymphocytes are resistant to 
Fas-induced apoptosis, and transfection of 
the mutant allele causes dominant interfer- 
ence with apoptosis induced through Fas (//- 
16). This was thought to result from ligand- 
mediated crosslinking of wild-type and de- 
fective Fas chains into mixed trimer com- 
plexes. However, a mutation that causes an 
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extracellular domain deletion of most of 
CRD2 (ALPS Pt 2, deletion of amino acids 
52 to 96) as a result of altered RNA splicing 
shows no binding to agonistic antibodies or 
FasL, but still dominantly interferes with Fas- 
induced apoptosis almost as efficiently as 
does a death domain mutant [ALPS Pt 6, 
Ala 241 Asp (A241D)] (Fig. IA) (13, 17). 
Control experiments showed equal cell sur- 
face expression of the wild- type and mutant 
Fas molecules (18). Thus, dominant interfer- 
ence cannot be explained by the conventional 
model of signaling by FasL- induced oli- 
gomerization of receptor monomers because, 
in this scheme, the Pt 2 mutant Fas molecule 
would not become part of a mixed receptor 
complex. We therefore tested for ligand-in- 
dependent interactions between Pt 2 Fas and 
wild-type Fas. Both full-length and Pt 2 Fas 
coprecipitated with a Fas 1-210:GFP chimera 
in which green fluorescent protein (GFP) re- 
places the death domain (Fig. 1C). This in- 
teraction was specific, because the TNFR 
family receptors TNFR2/p80 and HveA did 
not interact with Fas (1). 

We have found that TNFR superfamily 
members share a self-association domain in 
CRD1, termed the "pre-ligand assembly 
domain" (PLAD) (Fig. IB) (19). To test 
whether Fas contains a functional PLAD, 
we constructed hemagglutinin (HA) -tagged 
NH 2 -terminal Fas truncations (20). Delet- 
ing the first subdomain in CRD1 (amino 
acids 1 to 42) (21) substantially reduced 
ligand binding but did not prevent binding 
of the Fas monoclonal antibody (mAb) 
APO-1. Deleting the entire CRD1 (amino 
acids 1 to 66) abrogated binding of both 
FasL and Fas mAb (Fig. 1A). Both trunca- 
tions eliminated coprecipitation with a dif- 
ferentially tagged Fas molecule and abro- 
gated apoptosis signaling; this result indi- 
cates that the NH 2 -terminus of Fas, includ- 
ing CRD1, functions as a PLAD (Fig. 1, C 
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TWO HUMAN TNF RECEPTORS HAVE SIMILAR 
EXTRACELLULAR, BUT DISTINCT 
INTRACELLULAR, DOMAIN SEQUENCES 

Zlatko Dembic, 1 Hansruedi Loetscher, 1 Ueli Gubler, 2 
Yu-Ching E. Pan, 2 Hans-Werner Lahm, 1 Reiner Gentz, 1 
Manfred Brockhaus, 1 Werner Lesslauer 1 ** 



Tumor necrosis factor (TNF) is a cytokine with a wide range of biological activities in 
inflammatory and immunologic responses. These activities are mediated by specific cell surface 
receptors of 55 kDa and 75 kDa apparent molecular masses. A 75-kDa TNF receptor cDNA was 
isolated using partial amino acid sequence information and the polymerase chain reaction (PCR). 
When expressed in COS-1 cells, the cDNA transfers specific TNF-binding properties compara- 
ble to those of the native receptor. The predicted extracellular region contains four domains with 
characteristic cysteine residues highly similar to those of the 55-kDa TNF receptor, the nerve 
growth factor (NGF) receptor, and the CDw40 and OX40 antigens. The consensus sequence of 
the TNF receptor extracellular domains also has similarity to the cysteine-rich sequence motif 
LIM. In marked contrast to the extracellular regions, the intracellular domains of the two TNF 
receptors are entirely unrelated, suggesting different modes of signaling and function. 
<g> 199 0 by W.B. Saunders Company. 



Tumor necrosis factor (TNF) is a highly potent 
cytokine. Its wide range of biological activities in inflam- 
matory and immunologic responses have triggered many 
studies of the specific cell surface receptors that mediate 
TNF function. 1 * 10 TNF receptors of significantly dif- 
ferent molecular masses in the range of 50 to 140 kDa 
were reported in protein cross-linking studies by various 
investigators; the possibility that more than one receptor 
existed therefore had to be considered. We have identi- 
fied and purified from human cell lines and placenta two 
distinct human TNF receptors of 55 kDa and 75 kDa 
that are simultaneously expressed to different extents by 
various cells. 8,11,12 Both receptors bind TNF-a and 
TNF-/3 with high affinity 11,13 (also, Schoenfeld and 
Loetscher, unpublished data). A third TNF-binding 
protein of 65 kDa was found by SDS-polyacrylamide gel 
electrophoresis (PAGE) and ligand blotting to copurify 
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with the 75-kDa receptor fraction from HL60 cells. 
Both the 75-kDa and 65-kDa proteins in Western blots 
bind the same monoclonal antibody, utr-l. u We there- 
fore assume the 65-kDa protein to be a derivative or 
fragment of the 75-kDa receptor and refer to the two 
proteins as the 75-kDa receptor. 

The cDNA cloning of the 55-kDa receptor has been 
reported 14,15 ; the open reading frame of the cDNA 
predicts a receptor protein with extracellular, transmem- 
brane, and intracellular regions. A surprisingly high 
degree of sequence similarity to the nerve growth factor 
(NGF) receptor extracellular region was discovered 
which is most clearly delineated by a repetitive cysteine 
residue pattern. Recently, the cDNA of the 75-kDa 
TNF receptor was identified in a eukaryotic expression 
cloning system. 16 We have independently isolated a 
75-kDa TNF receptor cDNA using peptide sequencing 
and PCR techniques which confirms the sequence re- 
ported for the cDNA isolated by expression cloning. 16 
When expressed in COS-1 cells, the cDNA transfers 
specific TNF-binding properties comparable to those of 
the native receptor. The predicted extracellular region 
contains four domains with characteristic cysteine resi- 
dues highly similar to that of the 55-kDa TNF receptor 
and to that of the NGF receptor, 17,18 CDw40, 19 and 
OX40 antigen 20 extracellular domains. The intracellular 
domains of the two TNF receptors, however, are entirely 
unrelated. We therefore propose that the two TNF 
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receptors may address distinct intracellular signal trans- 
mission pathways. 

RESULTS 

Isolation of the 75-kDa TNF Receptor cDNA 

The 75-kDa and 65-kDa protein bands of the 
75-kDa TNF receptor from a preparative SDS-polyacryl- 
amide gel were blotted onto PVDF membrane and 
subjected to NH 2 -terminal amino acid sequencing by 
gas phase sequenation as reported elsewhere. 12 Briefly, 
two parallel sequences were obtained with the 65-kDa 
band; since one sequence matched the ubiquitin se- 
quence, the unique sequence could be identified as 
LP AQ V A FTP Y A PEPGSTC . 1 2 Furthermore, the amino 
acid sequences of a total of seven internal peptides 



prepared by tryptic and proteinase K digests of the 
75-kDa receptor fraction were determined. The four 
peptide sequences used in the isolation of the cDNA 
clone are indicated in Fig. 1; the remaining three 
peptides, i.e. L 114 — P 1I7 , P 123 — V 137 and G 288 — P 302 , 
match the predicted amino acid sequence and thus 
confirm that the cDN A encodes the receptor. To prepare 
a probe for the isolation of cDNA clones a short DNA 
fragment was amplified by polymerase chain reaction 
(PGR) from human genomic DNA with the use fully 
degenerate primer oligonucleotides derived from the 
Q 412 — L 428 amino acid sequence (see Fig. 1 and Materi- 
als and Methods). A DNA fragment of the predicted 
size was found to be amplified by PCR. Oligonucleotides 
were synthesised according to the sequence of this DNA 
fragment and used to identify the cDNA shown in Fig. 1 



LPROURFTPVfiPEPGSTC 

GCGRGCHCRTGCCGGCTC 
1 G S T C R L 

61 flGRGRRTflCTRTGflCCflGflCRGCTCflGRTGTGCTGCflGCRflRTGCTCGCCCGGCCRflCfiT 
21 REVVDOTROnCCSKCSPGQH 

U - F C T t " 

121 GCRRflfiGTCTTCTGTRCCfiflGRCCTCGGRCRCCGTGTGTGRCTCCTGTGflGGRCRGCHCR 
11 RCUFCTKTSDTUCDSCEDST 

181 TflCflCCCflGCTCTGGRRCTGGGTTCCCGflCTGCTTGflGCTGTGGCTCCCGCTGTflGCTCT 
6IYTQLUHUUPECLSCGSRCSS 

211 GflCCRGGTGGflflRCTCflflGCCTGCRCTCGGGRRCflGRRCCGCflTCTGCfiCCTGCflGGCCC 
81 DQUETQ/RCTREQHR I CTCRP 

301 GGCTGGrflCTGCGCGCTCftGCRflGCflGGRGGGGTGCCCGCTGTGCGCGCCGCTGCGCRRG 
lOlGUVCfiLSKQEGCRLCflPLRK 

361 TGCCGCCCGGGCTTCGGCGTGGCCRGRCCRGGRRCTGRRflCRTCRGflCGTGGTGTGCRRG 
I21CRPGFGURRPGTETS0UUCK 

*** .... 
121 CCCTGTGCCCCGGGGflCGTTCTCCfiflCflCGflCTTCRTCCRCGGflTflTTTGCflGGCCCCRC 
111 PCRPCTFSHTTSSTO I CRPH 

. *** 

181 CRGRTCTGTRRCGTGGTGGCCRTCCCTGGGflHTGCRfiGCflTGGRTGCRGTCTGCflCGTCC 
161 Q i CMUUfl IPGHRSflO RUCTS 

51 1 RCGTCCCCCRCCCGGRGTRTGGCCCCRGGGGCRGTfiCflCTTRCCCCflGCCRGTGTCCflCfi 
181 TSPTRSnflPGflUHLPQPUST 

601 CGRTCCCRRCflCRCGCRGCCRflCTCCflGRRCCCRGCRCTGCTCCRRGCRCCTCCTTCCTG 
201 RSQHTQPTPEPSTRPSTSFL 

661 CTCCCRRTGCGCCCCflGCCCCCCflGCTCflflGGGRGCRCTGGCCflCTTCGCTCTTCCflGTT 
221LPnGPSPPREGSTGD F R L P U 

721 GGRCTGflTTGTGGGTGTGflCRGCCTTGGGTCTRCTflflTflflTflGGflGTGGTGflRCTDTGTC 
211 GLIUGUTRLGLLI IGUUHCU 

U P H 

78! RTCRTGftCCCRGGTGfiflRRRGRRDCCCTTGTGCCTGCflDRGRGRHGCCRRGGTGCCTCRC 
26 1 ^ n TO UKKKPLCLQRERKUPH 

l p n a 

611 ITGCCTGCCCRTRRGGCCCGGGGTRCACflGGGCCCCCRGCRGCRGCRCCTGCTGRTCRCR 
2B1LPR0KRRGTQGPEQQHLLIT 

901 GCGCCCRGCTCCRGCRGCRGCTCCCTGGRGRGCTCGGCCRGTGCGTTGGRCRGRflGGGCG 
301 flPSSSSSSLESSRSHLO-Rflfl 

HnPfl'flP GUEfl SGRGERR 
961 CCCRCTCGGRflCCRGCCflCflGGCHCCRGGCGTGGflGGCCflGTGGGGCCGGCGflGGCCCGG 
321 PTRNQPQRPGU ERSGRGEflR 



1021 GCCRGCRCCGGGflCCTCflGfiTTCTTCCCCTGGTGGCCflTGGGRCCCflGGTCflflTGTCflCC 

311 RSTGSSD5SPGGHGTQUHUT 

1061 TGCRTCGTGRflCGTCTGTRGCRGCTCTGflCCflCRGCTCRCRGTGCTCCTCCCflRGCCflGC 

361 C 1 UNUCSSSOHSSQCSSQRS 

1111 TCCRCRRTGGGRGRCACflGRTTCCRGCCCCTCGGRGTCCCCGRRGGRCGRGCRGGTCCCC 
381STnG0TOSSPSESPICOEQUP 

S QLETPET LLC * 

1 201 TTCTCCflflGGRGGflflTGTGCCTTTCGGTCRCRGCTGGRGRCGCCflGflGflCCCTGCTGGGG 

101 FSKEECRFRSQLETPETLL G 

S T £ E K P \ 

1 261 RGCflCCGflflGflGRRGCCCCTGCCCCTTGGflGTGCCTGRTGCTGGGflTGfiflGCCCflGTTflR . 

121 STEEKPLPLGUPDRGI1CP S 

1321 CCRGGCCGGTGTGGGCTGTGTCGTRGCCRflGGTGGGCTGRGCCCTGGCflGDRTGRCCCTG 

1381 CGRRGGGGCCCTGGTCCTTCCRGGCCCCCRCCRCTRGGRCTCTGRGGCTCTTTCTGGGCC 

1 11 l RflGTTCCTCTflGTGCCCTCCflCRGCCGCflGCCTCCCTCTGflCCTGCHGGCCflflGflGCflGR 

1 50 1 GGCflGCGRGTTGTCGflflftGCCTCTGCTGCCRTGGCGTGTCCCTCTCGGflflGGCTGGCTGG 

1 56 1 GCRTGGRCGTTCGGGGCRTGCTGGGGCRRGTCCCTGRCTCTCTGTGftCCTGCCCCGCCCR 

1 62 1 GCTGCRCCTGCCRGCCTGGCTTCTGGRGCCCTTGGGTTTTTTGTTTGTTTGTTTGTTTGT 

1681 TTGTTTGTTTCTCCCCCTGGGCTCTGCCCCRGCTCTGGCTTCCRGRRflRCCCCflGCflTCC 

1711 TTTTCTGCflGflGGGGCTTTCTGGRGflGGflGGGRTGCTGCCTGRGTCflCCCfiTGflflGflCflG 

1 80 1 GflCRGTGCTTCRGCCTGRGGCTGRGRCTGCGGGRTGGTCCTGGGGCTCTGTGCflGGGflGG 

1 86 1 RGGTGGCflGCCCTGTflGGGflflCGCGGTCCTTCflflGTTRGCTCRGGflGGCTTGGflRRGCHT 

1 92 1 CflCCTCflGGCCRGCTGCflGTGGCTCRCGCCTflTGRTCCCflGCRCTTTGGGRGGCTGflGGC 

1 96 1 GGGTGGRTCflCCTGfiGGTTflGGftGTTCGflCRCCRGCCTGGCCflflCRTGGTflfiflfiCCCCfiT 

2011 CTCTRCTflflflflfiTRCRGflflRTTRGCCGCGCGTGGTCGCGGGCflCCTflTflGTCCCRGCTRC 

2101 TCRGRRGCCTGRGGCTGGGRRRTCGTTTGRRCCCGGGRRGCGGRGGTTGCRGGGRGCCGR 

2161 GflTCflCGCCflCTGCRCTCCRGCCTGGGCGflCRGRGCGRGflGTCTGTCTCRRRflGRflflRRR 

2221 RflflRflGCflCCGCCTCCRftRTGCTflRCTTGTCCTTTTGTRCCRTGGTGTGflRflGTCflGRTG 

2281 CCCRGRGGGCCCRGGCRGGCCRCCRTflTTCflGTGCTGTCCCCTGGGCRRCflTRRCGCRCT 

2311 TCTRRCTflGflflflTCTGCCflflTTTTTTRHflflflflGTRflGTRCCflCTCRGGCCflflCflRGCCflfl 

2101 CGRCRRflGCCRRflCTCTGCCRGCCRCflTCCfiflCCCCCCRCCTGCCflTTTGCflCCCTCCGC 

2161 CTTCRCTCCGGTCTGCCTGCflGCCCCGCGCCTCCTTCCTTGCTGTCCTRGGCCflCRCCRT 

2521 CTCCTTTCflCGGRflTTTCflGGflflCTRGflGflTGRCTGRGTCCTCGTRGCCflTCTCTCTRCT 

2561 CCTRCCTCRGCCTRGRCCCTCCTCCTCCCCCflGflGGGGTGGGTTCCTCTTCCCCRCTCCC 

2611 CflCCTTCflflTTCCTGGGCCCCRRflCGGCCTGCCCTGCCRCTTTGGTflCRTCGCCRGTGTG 

2701 RTCCCflflGTCCCRGTCTTGTGTCTGCGTCTGTGTTGCGTGTCGTGGGTGTGTGTRCCCflfl 

2761 GGTCGGTRRGTTGRRTGGCCTGCCTTGfiRGCCflCTGRRGCTGGGRTTCCTCCCCRTTflGft 

2621 GTCRGCCTTCCCCCTCCCRGCCRGGGCCCTGCflGRGGGGRRRCCRGTGTRGCCTTGCCCG 

2681 GRTTCTGGGflGGRRGCRGGTTGflGCGGCTCCTGGRflRGGCTCflGTCTCRGGRGCflTGGGG 

2911 RTflRfiGGfiGflftGGCRTGflflflTTGTCTflGCflGflGCRGGGGCRGGGTGRTRflRTTGTTCHTfl 

3001 RRTTCCflCTGGRCTTGRGCTTGGCRGCTGflRCTflTTGGflGGGTGGGflGflGCCCflGCCRTT 

3061 flCCRTGGRGRCRflCflflGCGTTTTCCRCCCTGGRflTCRflGRTGTCRGflCTGGCTGGCTGCR 

3121 CTGRCGTGCRCCTGTfiCTCRGGflGGCTGflGGGGRGGRTCflCTGCRGCCCflGGflGTTTGflG 

3181 GCTGCRGCCRGCTflTGRTCGCGCCRCTRCRCTCCRGCCTCRGCRRCRGRGTGRGRCCCTG 

3211 TCTCTTRRflGflflRRflRflRflGTCRGRCTGCTGGGRCTGGCCflGGTTTCTGCCCflCRTTGGfl 

3301 CCCRCflTGRCGRCRTGflTGGflGCGCRCCTGCCCCCTGGTGGRCflGTCCTGGGflGRRCCTC 

3361 RGGCTTCCTTGGCflTCRCRGGCCRGRGCCGGGRRGCGRTGRRTTTGGRGflCTCTGTCGGG 

3121 CCTTGGTTCCCTTGTGTGTGTGTGTTGRTCCCflflGflCflRTGRRRGTTTGCRCTGTRTGCT 

3181 GGRCGGCRTTCCTGCTTRTCRRTRRRCCTGTTTGTTTTRCRCGTCGRRflflRflflH 



Figure 1. Amino acid sequences of the NH 2 terminus and internal tryptic peptides, and the cDNA nucleotide and 
predicted amino acid sequences of the 75/ 65-kDa TNF receptor. 

Amino acid sequences determined by protein sequencing are underlined. The amino acid sequence starts at the 
65-kDa receptor NH, terminus. The predicted transmembrane domain is doubly underlined. Potential N-linked 
giycosylation sites are marked by asterisks. 
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Figure 2. Schematic representation of the domain 
structure of the extracellular regions of the two TNF 
receptors and of the NGF receptor. 

The domains are boxed. Cysteine residues are repre- 
sented by vertical lines. The domain boundaries corre- 
spond to amino acid residues of Fig. 1 : residues 1 7 to 
54 (domain I), 55 to 97 (II), 98 to 140 (III), and 141 
to 179 (IV). TNFR-A, 75-kDa TNF receptor; 
TNFR-B, 55-kDa TNF receptor; NGFR, NGF 
receptor 1 71 8 ; L and TM, predicted leader and trans- 
membrane regions, respectively. 
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in cDNA libraries prepared from HL60 and placenta. 
This cDNA has an open reading frame that predicts a 
439-amino acid membrane protein with extracellular 
(235 residues), transmembrane (26 residues), and intra- 
cellular (178 residues) regions. Three basic amino acids 
are located in the intracellular region sequence adjacent 
to the putative inner membrane face. 

In the predicted amino acid sequence of the extracel- 
lular region of the 75-kDa TNF receptor four conserved 
domains were discovered which are most clearly delin- 
eated by a repetitive pattern of cysteine residues schemat- 
ically represented in Fig. 2. The first two domains 
contain six cysteine residues in a CX )2 u CX 0 _ 2 CX 2 .3CX7_ 
9CX7 C pattern which is highly homologous to that of the 
four domains of the previously reported 55-kDa TNF 
receptor extracellular region with the consensus se- 
quence CX UM5 CX 0 . 2 CX 2 CX 5 . 11 CX 3 . 8 C. 14J5 In the third 
and fourth domains of the 75-kDa receptor this cysteine 
pattern is less well conserved, but the alignment of the 
total extracellular regions of the two TNF receptors 
scores significantly above the random score with the 
Mutation Data Matrix. 21 This alignment score estab- 
lishes a significant sequence similarity between the 
extracellular domains of the two TNF receptors as well 
as to those of the NGF receptor and the CDw40 and 
OX40 antigens. 17 " 20 Furthermore, we note that this 
sequence motif has some similarity to the cysteine-rich, 
putative metal-binding motif referred to as LIM. 22 

In sharp contrast to the high degree of homology 
between the extracellular domains, the intracellular 
regions of the two TNF receptors do not exhibit any 
recognizable sequence similarity. A search of amino 
acid sequence data banks with the 75-kDa receptor 



intracellular domain sequence revealed no significant 
similarity to other known mammalian sequences. 
The intracellular regions of both TNF receptors are rich 
in proline and serine residues (75-kDa receptor: 18% 
Ser, 9% Pro; 55-kDa receptor: 8% Ser, 12% Pro). 
Similar proline/serine-rich structures have been found 
in the intracellular regions of several growth factor 
receptors. 23,24 

TNF Binding in COS-1 Cell Transfectants 

To confirm that the cDNA presented in Fig. 1 
encodes a TNF-binding cell surface protein, the cDNA 
was recloned in the pLJ268 expression vector 25 and 
transfected into COS-1 cells; transient transfectants 
were analysed for 125 I-TNF binding. Specific TNF- 
binding properties were conferred to the COS-1 cells by 
the transfected cDNA (Table 1). Expression of the 
75-kDa receptor was confirmed in cell lysates of transfec- 
tants with the specific monoclonal antibody utr-4 n 
(Table 1). TNF binding was also studied with COS-1 
cell transfectants at various ligand concentrations and 
the binding data were analysed according to Scatchard 
(Fig. 3). The transfected cells were found to express a 
TNF-binding protein characterized by a K,, of about 0. 1 
nM, which is clearly distinct from the endogenous 
lower-affinity TNF receptor of COS-1 cells. 14 An analy- 
sis of the COS-1 cell transfectants in the fluorescence 
microscope after staining with the 75-kDa TNF recep- 
tor-specific monoclonal antibody utr-1 revealed that 
only a very small percentage of the cells expressed 
receptor. The cause of the apparently low transfection 



TABLE 1. TNF binding and expression of TNF receptor protein in COS-1 cell transfectants 



Transfectant 


cpm/dish* 


Specific cell surface 
bound TNF-a 

cpm/10 6 cells 


Relative 
expression of 
75/65-kDa versus 55-kDa 
receptor in cell lysatef 


Specific DN A COS- 1 cell transfectant 


5, 170 


890 


1.39 


Control DNA COS-1 cell transfectant 1§ 


1,230 


210 


0.05 


Control DNA Cos-1 cell transfectant 2§ 


1,010 


185 


0.15 



* All values are t he average of two independent experiments. 

$The quotient of specific 75-kDa and 55-kDa receptor l2S I-TNFar binding measured in sandwich assays (see Materials and Methods), 

§Controls 1 and 2 refer to parallel transfectants in which constructs in which the cDNA was ligated into the expression vector in a false reading frame were used. 
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Figure 3. ,15 I-TNF-a binding to transient COS-1 cell transfectants. 

(A) Specific binding at various TNF-a concentrations. Measurements at higher concentrations confirmed 
saturation of TNF binding (data not included in figure). (B) Plot of the binding data according to Scatchard. The 
mean and standard deviations of triplicate experiments are given. The assays with transfected and control cells 
contained 2.2 x 10 6 and 4.3 x 10 6 cells/assay, respectively. 75-kDa TNF receptor transfectants; 
non-transfected control cells. The K^'s of transfected and control cells from Scatchard analysis are about 0.1 and 0.2 
nM, respectively. 



yield remains unknown, but it explains the low receptor 
copy number in the pool of transiently transfected cells. 

TNF Receptor Expression in Cell Lines 

The expression of the TNF receptors was studied in 
human cell lines by Northern analyses (Fig. 4). Previous 
flow cytometric analyses of cells stained with receptor- 
specific monoclonal antibodies had shown that HEp2 
cells stain for the 55-kDa receptor only, while HL60 
cells stain for both the 55-kDa and 75-kDa receptors. 11 
In agreement with previous reports, Raji cells were 
found to be devoid of TNF receptors. 11,26 These findings 
were supported by the Northern blot analyses shown in 
Fig. 4. We note, however, that the lack of 75-kDa TNF 
receptor expression appears not to be a stable property 



Actin 
a b c 



55 rec 

a b c 



75 rec 
a b c 



— 28S 



of Raji cells, since other investigators detect 75-kDa 
TNF receptor mRNA in these cells. 16 From preliminary 
studies of 55-kDa and 75-kDa TNF receptor expression 
HL60 cells appear to be more representative of the 
average human cell than HEp2 or Raji cells, because 
many cells were found to express both TNF receptors 
simultaneously, albeit to very different extents. 

Expression of Each TNF Receptor is 
Independently Regulated 

To investigate the regulation of the two TNF 
receptors, we have studied their expression in phytohe- 
magglutinin-activated peripheral blood lymphocytes 
(PBL). By cell surface staining with the specific mono- 
clonal antibodies utr-1 (anti-75-kDa receptor) and 
htr-9 (anti-55-kDa receptor), 11 we find that the expres- 
sion of the 75-kDa receptor is strongly induced from a 
low resting level, whereas the 55-kDa receptor expres- 
sion remains at a constant and low level after mitogen 
activation (Fig. 5). The inducibility of TNF receptors in 
several cell lines has been previously reported. 27 The 
finding that the induction is restricted to one type of the 
two TNF receptors in stimulated PBL as well as 
analogous findings in cell lines (Hohmann et al., submit- 
ted for publication) indicates that the two TNF recep- 
tors are functionally distinct. 



Figure 4. Northern analysis of TNF receptor expression in Raji (a), 
HL60 (bK and HEp2 (c) cell lines. 

By cell surface staining with specific monoclonal antibodies, no TNF 
receptors are detected on Raji cells, low amounts of 55-kDa receptor 
(55 rec) are detected on HEp2 cells, and both 55-kDa and 75-kDa 
receptors (75 rec) are detected at relatively higher levels on HL60 
cells. 



DISCUSSION 

Most human cells express two distinct TNF recep- 
tors simultaneously. The molecular cloning of the 55- 
kDa receptor 1415 and of the 75-kDa receptor (reference 
16 and this work) now allows a comparison of the 
predicted amino acid sequences of both receptors. The 
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Figure 5. Flow cytometric analysis of 75/65-kDa (TNFR-A) and 
55-kDa (TNFR-B) receptor expression on resting (dotted line) and 
activated (solid line) peripheral blood lymphocytes (PBL). 



extracellular regions are found to be highly similar to 
each other and to those of the NGF receptor and the 
CDw40 and OX40 antigens. These cell surface mole- 
cules thus form a novel gene family. The functional 
significance of the similarity to the LIM sequence 
motif 22 remains to be established. 

Two TNF-inhibitory peptides of human serum and 
urine have been described and partial amino acid 
sequences have been reported. 28 " 30 One of these inhibi- 
tors previously has been recognised as a fragment of the 
55-kDa TNF receptor. 14 ' 15 We now find that the short 
NH 2 -terminal sequence of the second inhibitor 30 matches 
the V 5 -P 9 peptide sequence of the 75-kDa TNF receptor 
(Fig. 1). The Northern blot analysis of cell lines (Fig. 4) 
reveals a single 75-kDa TNF receptor mRNA species of 
about 4 kb and provides no evidence for a second 
message which might encode this inhibitor; analogous 
conclusions are valid for the other inhibitor. 14 Both of 
these TNF inhibitory peptides therefore are NH 2 - 
terminally truncated, soluble fragments, presumably of 
the extracellular regions of the two TNF receptors, and 
therefore are most likely the products of postradia- 
tional processing of the receptor. 

The predicted amino acid sequences of the intracel- 
lular regions of the two TNF receptors are unrelated 
and, furthermore, no similarities to other known mam- 
malian sequences were discovered. It might be con- 
cluded that the different intracellular domains transmit 
distinct signals upon TNF binding to the receptors. 
However, we cannot presently exclude the possibility 
that the intracellular regions have no role in signal 
transduction. A model analogous to that of the interleu- 
kin 6 (IL 6) receptor might be considered, where the 
complex of IL 6 and IL 6 receptor can interact extracel- 
lularly with a non-ligand-binding membrane glycopro- 
tein, thus providing the IL 6 signal; 31 both TNF recep- 
tors might then address the same signal transducing 
element. However, in view of the independently regu- 
lated expression documented at least in T-cell activation 



(Fig. 5) it appears more likely that the two TNF 
receptors are functionally distinct. 

MATERIALS AND METHODS 
Cells and Flow Cytometry 

The cell lines HL60 (ATCC CCL 240), HEp2 (ATCC 
CCL 23), Raji (ATCC CCL86) and COS-1 (ATCC CRL 
1650) were grown in RPMI 1640 or Dulbecco's modified 
Eagle's medium supplemented with 10% inactivated horse or 
fetal calf serum. Human PBL from a Ficoll gradient were 
cultured in RPMI 1 640, 1 0% fetal calf serum with or without 2 
mg/mL phytohemagglutinin (Wellcome). Cells were stained 
with biotinylated utr- 1 (anti-75-kDa receptor) or htr-9 (anti- 
55-kDa receptor) antibodies followed by streptavidin-phyco- 
erythrin and analysed on a FACScan flowcytometer. 

Reagents 

Recombinant human TNF-cr purified from Escherichia 
coli was a gift from W. Hunziker, E. Hochuli, and B. Wipf 
(Hoffmann-LaRoche LTD, Basel). TNF-a was radioiodinated 
with Na 125 I (IMS30, Amersham) and Iodo-Gen (Pierce) to 
0.3 x 10M.0 x 10* cpm/Mg as described. 32 

cDNA Cloning and Northern Analysis 

The 75-kDa and 65-kDa TNF receptors were purified 
from HL60 ceils, and tryptic digests and gas phase sequencing 
were performed as reported elsewhere. 12 A DNA fragment was 
prepared from the peptide sequence Q 412 — L 428 by PCR on 
human genomic DNA using 2 low-stringency annealing cycles 
(95°C 7 min / to 37°C in 2 min / 37°C 1 min / to 72°C in 2.5 
min / 72°C 1.5 min / to 95°C in 1 min / 95°C 1 min / to 37°C 
in 2 min) followed by 38 standard cycles (95°C 1 min / 55°C 2 
min / 72°C 2 min); the forward and reverse PCR primers were 
ctcgaattcCARCTNGARACNCC and ctcgaattcNARNG- 
GYTTYTCYTC, respectively. The DNA band of predicted 
size from a polyacrylamide gel of the PCR product was 
recloned, sequenced, and found to encode the Q 412 — L 428 
peptide. A 48-mer oligonucleotide derived from this DNA was 
used as a probe to screen cDNA libraries. Several overlapping 
clones were identified in a human placenta cDNA library in 
\gtll (Clontech) and in a HL60 cDNA library in Xgtl 1 that 
was prepared with the use of cDNA synthesis and cloning kits 
(Amersham). AH recloning and nucleotide sequencing was by 
standard protocols. 33 For Northern analysis, 12 j*g aliquots of 
Raji-, HL60-, or HEp2-cell total RNA were electrophoresed 
through an agarose gel containing formaldehyde. RNA was 
transferred to a Zeta Probe (BioRad) filter, and hybridized to 
actin, 55-kDa receptor (full length), and 75-kDa receptor 
(170-bp 5'-fragment) cDNA probes as indicated. 

Expression and TNF Binding in COS Cell 
Transfectants 

The cDNA shown in Fig. 1, truncated at the 3'-end was 
cloned into a pLJ268 vector (gift of B. Cullen 25 ) containing the 
IL 2 receptor signal sequence under the control of the RSV 

long terminal repeat promoter and polyadenylation signals 
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derived from the rat preproinsulin II genomic gene. DNA was 
transiently transfected into COS-1 cells with DEAE dextran 
following standard protocols. 33 Specific 123 I-TNF-a binding on 
transfectants was measured in the absence and presence of 
excess unlabeled TNF-a after 3 days in culture as previously 
reported 14 and Scatchard analysis was carried out. Briefly, 
COS-1 cells were detached with EDTA (GIBCO), washed and 
incubated with l25 I-TNF-a for 2 hr at 4°C; cell-bound and free 
radioactivity was then counted. Aliquots of transfected cells 
were lysed by 1.0% Triton X-100. The expression of the 
75-kDa TNF receptor and of the "55-kDa-type" endogenous 
COS-1 cell receptor was measured in transfectant cell lysates 
in a solid phase sandwich assay using the 75-kDa and 55-kDa 
receptor-specific monoclonal antibodies utr-4 and htr-20, 
respectively, and with 125 I-TNF-a in the absence and presence 
of unlabeled TNF-a. The relative receptor expression in the 
cell lysate in Table 1 is defined as the quotient of specific 
75-kDa and 55-kDa TNF receptor l25 I-TNF-a binding mea- 
sured in the two sandwich assays. Controls 1 and 2 refer to 
parallel transfectants in which constructs where the cDNA 
was ligated into the expression vector in a false reading frame 
were used. 
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The term "complement" is used to include a complex 
group of interacting blood proteins and glycoproteins 
found in all vertebrates. These proteins have as their pri- 
mary functions the production and regulation of inflam- 
mation, the opsonization of foreign materials for phago- 
cytosis, and the mediation of direct cytotoxicity against 
various cells and microorganisms. The first evidence for 
the existence of such a system arose in the late 19th cen- 
tury during studies of the mechanism of host defense 
against invading bacteria and studies of the mechanism 
of destruction of foreign or mismatched transfused cells 
(1-3). These studies demonstrated that individuals are ca- 



pable of responding to invading microorganisms or to in- 
jected foreign cells by the production of antibody. Such 
antibodies are able in vitro to agglutinate the organisms 
or foreign cells used in the immunization but are unable 
to mediate cell death. It was discovered that the addition 
of fresh serum to a mixture containing specific antibody 
and the microorganism or immunizing cell often led to cell 
death. The importance of this property of fresh serum was 
quickly recognized, and a series of investigations was 
begun to define the biochemical and biologic basis of the 
phenomenon of cell lysis. 
Work over the next several decades demonstrated the 
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complex nature of the lysis phenomenon. It quickly be- 
came clear that the lytic material, present in all fresh sera, 
was not a simple substance but could be separated into 
several principles by even the crude chemical techniques 
then available. For example, dialysis of the serum against 
water separated the lytic material into a precipitable eu- 
globulin fraction and a soluble pseudoglobulin fraction. 
Neither fraction had lytic activity when tested, but mixing 
the fractions restored this activity. The materials that 
acted together to produce this cytotoxic response were 
collectively termed alexin by Bordet, and first "addi- 
ment," and later complement by Ehrlich. Although some 
early workers doubted that the reactions leading to lysis 
followed simple chemical rules, it was soon recognized 
that this was indeed the case and experimental systems 
were established to permit detailed study of these bio- 
chemical events. Many of the experimental models es- 
tablished at the turn of the century are still in use today 
and it is valuable to consider a few of them in some detail. 

Much of the early work was directed toward establish- 
ing an in vitro system designed to allow for analysis of 
each of the steps involved in complement-mediated cell 
death. Erythrocytes from many species were screened to 
determine which were the most easily lysed by antibody 
and complement. Sheep erythrocytes proved to be par- 
ticularly useful since, when sensitized with antibody, they 
were highly susceptible to the lytic action of complement. 
It was also discovered that sheep erythrocytes have on 
their surface a potent lipopolysaccharide antigen (termed 
Forssman antigen) (4) and that high titered antibody to 
this antigen could be prepared conveniently in the rabbit. 
In general, sera from all mammals could be used as a 
complement source, but the degree of lysis varied greatly 
among different species. It was found that fresh guinea 
pig serum was the most potent lytic serum easily avail- 
able. A test system utilizing sheep erythrocytes sensitized 
with rabbit antibody for studies of lysis in fresh guinea 
pig serum was commonly employed. With time, it became 
possible to create specific intermediates bearing various 
complement components on the surface of the antibody- 
coated sheep erythrocytes and to study the interaction of 
each newly defined complement protein with the appro- 
priate cellular intermediate in the complement sequence. 
Early efforts focused almost exclusively on the events 
that occur in the lysis of the antibody-coated sheep red 
cell. Such events now comprise the classical complement 
pathway. In more recent years it has become clear that 
another closely related series of proteins is often involved 
in the lysis of bacteria with or without the intervention of 
antibody. These bacteriolytic proteins make up the alter- 
native complement pathway. The two pathways of acti- 
vation converge at the step of C3 activation and engage 
the later lytic components in the complement cascade 
(Fig. 1). The classical pathway, in general, is initiated by 
the formation of an antigen-antibody complex. Recog- 
nition of the antigen-antibody complex by the proteins 
of the classical pathway leads to sequential formation of 
enzymes with serine protease activity. These cleave and 
activate C3. The proteins of the alternative pathway me- 
diate this same end result, albeit with slower kinetics of 
activation. Cleaved C3 (C3b) interacts with the C3-cleav- 



ing enzymes of either the classical or alternative pathways 
and alters their substrate specificities such that they are 
able to cleave C5. Cleaved C5 (C5b) then interacts with 
the remaining numbered components, C6, C7, C8, and 
C9, and these five terminal complement components, act- 
ing in concert, mediate cell lysis. This general scheme of 
complement activation is presented in Fig. 1. 

The complement system is essentially entirely con- 
served throughout the mammalian species that have been 
studied, and the proteins are often (but not always) in- 
terchangeable across species. The system is by far best 
characterized in the human and guinea pig, although much 
data on the murine proteins have evolved recently through 
molecular techniques. 



TERMINOLOGY 

The nine proteins of the classical pathway are desig- 
nated by an uppercase letter C followed by a number. The 
numbers generally follow the order of action of the com- 
ponents, with the exception of C4, which acts before C2 
and C3. Components acting solely in the alternative path- 
way are designated by letters. Regulatory proteins are 
designated by a descriptive title (e.g. , C4 binding protein) 
or, in the case of those proteins closely associated with 
the alternative pathway, a letter (e.g., factor H). Single 
components or multicomponent complexes that have en- 
zymatic activity are designated by a bar over the com- 
ponents) in question (e.g., Clr 2 ). Molecules that have 
lost activity through chemical denaturation or by the ac- 
tion of a control protein are usually designated by a prefix 
lower case i (e.g., iC3). Fragments or subunits of the var- 
ious components are designated by a lowercase letter suf- 
fix (e.g., C3b). 



THE CLASSICAL COMPLEMENT PATHWAY 

The Role of Immunoglobulin 

Activation of the classical pathway is initiated by the 
binding of CI, the first component in the cascade, to an 
antigen-antibody complex and the subsequent activation 
of the antibody-bound CI (5,6). The steps have been ex- 
amined in considerable detail. Not all classes of antibody 
are capable of binding CI to initiate the classical pathway. 
IgG and IgM antibodies have this ability, but IgE, IgD, 
and IgA antibodies do not (5). Studies in a number of test 
systems have demonstrated that a single molecule of IgM 
bound to a particulate antigen is capable of binding one 
molecule of CI, a complex zymogen protease (7). How- 
ever, the processes of antibody binding of CI and the 
activation of CI to a protease capable of cleaving C4 and 
C2 are not equivalent (6). To mediate CI activation, the 
IgM antibody molecule must engage the antigen by more 
than one of its Fab arms. This was inferred from studies 
of the binding and activation of CI on anti-hapten IgM 
sensitized sheep erythrocytes coated with various den- 
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sities of a defined hapten, and by analysis of CI activation 
by idiotype anti-idiotype immune complexes containing 
IgM (8,9). The finding that multiple variable region sites 
must be bound to an antigenic surface for CI activation 
suggests that binding facilitates a conformational change 
in the antibody that promotes CI activation. 

On the other hand, in most of the model systems stud- 
ied, two IgG molecules side by side (a doublet) are re- 
quired for CI binding and activation (10). In molecular 
terms, the requirement for an IgG doublet greatly reduces 
the efficiency of IgG as compared to IgM in inducing clas- 
sical pathway activation. In most systems that examine 
the lysis of target particles, hundreds or thousands of IgG 
molecules must be supplied before, by chance, two mol- 
ecules come to lie sufficiently close together on a surface 
to produce a doublet. If the distribution of antigen mol- 
ecules on a surface precludes the possibility of two IgG 
molecules coming to lie sufficiently close together, the 
IgG may not activate complement at all. In fact, it has 
been shown that IgA, under some circumstances, blocks 
complement activation by IgG antibody by inhibiting the 
formation of doublets (11). Not all IgG subclasses are ca- 
pable of activating the classical pathway. Human IgGl, 
IgG2, and IgG3 are all activators of the classical pathway, 
but IgG4 is not. In mouse systems, y2a, -y2b, and -y3 ac- 
tivate the classical complement pathway, and in guinea 
pig, y2 antibodies activate the classical pathway. 

It is not known whether the binding of IgG antibody to 
its substrate causes a structural change in the antibody 
that induces increased affinity for CI. Binding of CI to 
surface-bound IgG doublets may simply be a consequence 
of cooperative binding effects. It has been shown that IgG 
monomer will interact with native CI, albeit weakly (12). 



A cluster of closely associated IgG molecules may allow 
for multiple points of CI attachment, thus stabilizing the 
IgG-Cl complex. Binding of CI proceeds via its attach- 
ment to the CH 2 domain of the Fc portion of the IgG 
molecule (13,14). 

Recent data suggest that successful activation of CI 
requires multiple points of contact between CI and the 
activator. In the case of IgG it has been suggested that 
not only must the CH 2 domain bind CI but there must be 
a second point of contact with the CH a domain for acti- 
vation to occur (15). In keeping with this, it is also sug- 
gested that a rather narrow range of angles between the 
Fab arms of IgG are optimal for CI activation (8). Ac- 
cordingly, both simple spatial clustering and structural 
rearrangements induced by antigen binding may have a 
role in CI activation by IgG. Recently, a CI -binding motif 
consisting of a trio of charged amino acid residues has 
been identified in the CH 2 domain of murine IgG. These 
residues are highly conserved in most mammalian IgGs 
examined and appear to be necessary, but not sufficient, 
for efficient CI binding (16). 



CI 

CI exists in serum as a three-subunit macromolecule 
with the subunits held together in the presence of ionic 
calcium (7,17). CI q is the subunit that binds to an antigen- 
antibody complex via the antibody CH 2 domain; it has a 
molecular weight (MW) of about 400,000 and is composed 
of 18 chains: three chain types termed A, B, and C with 
six copies of each per molecule. The protein has a central 
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FIG. 2. A conceptualization of C1q. The central core is 
designated by (a) and the collagen-like fibrillar arms by 
(b). The globular heads which bind to immunoglobulins 
are designated by (c). Angle X ranges from 20° to 80°. 



core and six radiating arms, each of which ends in a pod- 
like globular structure (Fig. 2). The amino terminal end 
of each arm has a triple-helix, collagen-like structure and 
can be cleaved by bacterial collagenases. These regions 
are rich in glycine, hydroxylysine, and hydroxyproline. 
Binding of Clq to the CH 2 domain of the antibody occurs 
through the podlike carboxyl terminus at the end of each 
arm. Potentially, each of the six Clq arms can bind to 
one CH 2 domain; it is assumed that multiple Clq-anti- 
body interactions are required for firm binding (see pre- 
vious discussion). Clq is found in serum in association 
with two additional CI subunits: Clr and Cls. Clr and 
Cls both have molecular weights of about 85,000 and are 
single-chain proenzymatic forms of serine proteases. Cur- 
rent models envision the two Clr molecules and the two 
Cls molecules arranged linearly with the two Clr mole- 
cules in contact in the center of the claim and the two Cls 
molecules at the ends (18). When CI is incubated in eth- 
ylene diamine tetraacetate (EDTA)-containing buffers to 
remove calcium, the molecule dissociates. The two chains 
of Clr molecules remain associated and the two Cls 
chains are free in solution. Clq remains intact but loses 
its Clr and Cls. 

The Clr 2 -Cls 2 tetramer is believed to associate with 
the collagenous regions of the Clq molecule when calcium 
is present (18). Following binding of the intact macro- 
molecular zymogen form of CI to an antigen-antibody 
complex, the CI undergoes enzymatic activation to be- 
come an active serine protease. Activation is associated 
with cleavage of each of the Clr chains and each of the 
Cls chains into a heavy chain of 57,000. and light chain 



of 28,000 daltons. The enzymatic sites reside in each of 
the smaller subunits in both cases^(19). 

In in vitro studies, activated Clr is capable of cleaving 
and activating Cls; activated Cls has broader enzymatic 
specificity and is the enzyme responsible for the cleavage 
of both C4 and C2. The mechanism by which the binding 
of Clq leads to activation of Clr and Cls is unknown. 
Some have suggested that this involves an intramolecular 
rearrangement within the intact CI molecule. The mech- 
anism of Clr cleavage of Cls is also unknown. Although 
some investigators have suggested that activated Clr 
cleaves the Cls chains within a single macrqmolecular CI 
molecule, others have hypothesized that Clr cleavage of 
Cls is actually an intermolecular event requiring the 
proper alignment of two CI molecules on an activating 
surface. 



C4 

The binding and activation of CI leads to the generation 
of an enzyme capable of coordinating with and cleaving 
the second protein in the cascade, C4. C4 is composed of 
three disulfide-linked chains termed a, (S, and y with MWs 
of 93,000, 78,000, and 33,000, respectively. The protein 
is synthesized as a single-chain precursor (proC4) and the 
three-chain structure is formed as a post-translational 
event (20,21). _ 

On interaction with Cls, the C4 a chain is cleaved with 
release of a small fragment, C4a (9,000 daltons), from its 
amino terminus. C4a is discussed in detail in the section 
on anaphylatoxins. The larger fragment, C4b, contains the 
modified a chain (a'), P, and 7 and continues the com- 
plement cascade. The binding of C4b to a surface, unlike 
the binding of CI, proceeds via formation of a covalent 
ester or amide bond and is apparently highly analogous 
■ to C3b binding (see later discussion) (22). An antibody 
site with a bound, active CI will cleave multiple C4 mol- 
ecules, and a cluster of C4 molecules will bind to the re- 
gion surrounding the antibody-Cl site. This represents 
an amplification step in classical pathway activation since 
a single Cl-fixing site leads to the activation of multiple 
C4 molecules. Not all deposited C4 molecules are equally 
active hemolytically (23). Those which bind to, or close 
to, the antibody-Cl complex will continue the comple- 
ment cascade. Bound C4b appears to protect adjacent CI 
molecules from the action of CI inhibitor (24). This serves 
to promote complement activation at the site of an im- 
mune complex and limits the effect of nonspecific acti- 
vation of CI. The binding of C4b to certain targets may 
have an effect on biologic activity. For example, certain 
viruses may be neutralized by the deposition of multiple 
C4 molecules on their surface, preventing their binding 
to a suitable host cell (25). 



C2 

The third protein in the antigen-antibody recognition 
steps of the classical pathway is C2. This molecule con- 



B-92 



COMPLEMENT 



683 



sists of a single peptide chain of 95,000 daltons. In the 
presence ofMg 2+ ion, C2 binds to C4b and is cleaved by 
adjacent Cls. Two fragments are formed. A small frag- 
ment (C2b, MW 30,000)is cleaved from the molecule, and 
the larger fragment C2a remains associated with C4b to 
continue the cascade (26). The complex of C2a and C4b 
is endowed with new enzymatic activity: the ability to 
coordinate with and to cleave C3. The active enzymatic 
site, again a serine protease, resides on the C2a portion 
of the molecule. Some data suggest that the C2b remains 
as part of the complex, acting as the C4b-binding site (27). 
The C4b in the complex binds the C3 mo lecule and makes 
it accessible to C2a cleavage. The C4b2a complex, termed 
the classical pathway C3 convertase, is labile and under- 
goes decay with physical release of the C2a as an enzy- 
matically inactive fragment. The C4b left behind on the 
antigenic surface can bind another C2 molecule, which on 
cleavage by CI will again form the C3 convertase enzyme. 



REGULATION OF THE CLASSICAL PATHWAY 
CI Inhibitor 

The CI inhibitor (C1INH) is a single-chain serum gly- 
coprotein of 105,000 daltons with an unusually high car- 
bohydrate content (about 35 to 40%) (28). The protein 
functions by combining in 1 :_1 stoichiometry with the ac- 
tive site on each activated Clr and Cls to destroy its pro- 
tease activity. Since there are two Clr protease sites and 
two Cls protease sites per CI molecule, one molecule of 
activated CI can, in theory, react with four molecules of 
Cl-INH. Binding of Cl-INH to activated CI induces di- 
sassembly of the CI molecule with release of two mole- 
cules of a ClrCls (C1INH) 2 complex (29,30). The Clq is 
presumably left behind on the activating surface where it 
may interact with additional plasma Clr and Cls or with 
specific Clq receptors on a variety of cells (see section 
on receptors). Cl-INH chemistry has been examined in 
considerable detail. It is a member of the family of pro- 
teins termed serpins (serine protease inhibitors) and acts 
by presenting a bait sequence to the enzyme to be inhib- 
ited. In the case of the Cl-INH, this bait sequence con- 
tains a critical arginine at position 444 (31). The enzyme 
to be inhibited cleaves the Cl-INH at the active-site ar- 
ginine into two fragments of 96,000 and 9,000 MW. Upon 
cleavage, a reactive site is exposed in the 96,000-dalton 
fragment which binds to the active site on the enzyme to 
be inhibited, forming a stable complex that is resistant to 
boiling in SDS (28). Cl-INH is also reported to interact 
with CI before its activation. This interaction appears to 
inhibit C 1 activation by spontaneous autocatalysis or non- 
immune activators but not by antigen-antibody_ com- 
plexes (32). Interestingly, binding of Cl-INH to Clr leads 
to loss of detectable Clr antigen using most anti-Clr anti- 
sera. Thus disappearance of antigenicaUy detectable Clr, 
along with the appearance of cleaved Clr and Cls chains 
on SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE), allows one to follow the kinetics of CI activation 
and inhibition (33). 



C4b Regulation and C4-Bind!ng Protein 

The activity of C4b is under the control of a series of 
membrane-bound and fluid-phase proteins. In this section 
we describe interactions that can occur in the fluid phase. 
A separate section discusses all the membrane-bound 
complement regulators. 

C4-binding protein (C4BP) is an interesting molecule of 
approximately 570,000 daltons. The molecule consists of 
seven identical chains that are associated by disulfide 
bonds at their carboxy termini, forming a central "core" 
(34). The amino terminal portions of the seven chains form 
tentacular arms which radiate from the core and bear the 
C4b binding domains, which are homologous to the bind- 
ing domains of a broad family of proteins that interact 
with C3b and C4b (see later discussion). C4BP binds to 
C4b (not C4) and exerts two distinct regulatory actions. 
The intrinsic dissociation rate of the C4b2a complex is 
increased, thus shortening the survival of any given clas- 
sical C3 convertase enzyme (35). In addition, C4b bound 
by C4BP becomes susceptible to proteolysis by factor I, 
also known as C3b/C4b inactivator. Factor I cleaves the 
a' chain of C4b in two places, releasing a four-chain com- 
plex termed C4c and leaving a small portion, C4d, co- 
valently bound to the original acceptor surface (36). C4d 
can no longer support complement convertase activity. 
Factor I cleavage of C4b on surfaces can proceed without 
C4BP, albeit slowly, but C4BP is requisite in the fluid 
phase. 



THE ALTERNATIVE PATHWAY OF 
COMPLEMENT ACTIVATION 

History 

An alternative pathway for complement activation was 
described in 1954 by Louis Pillemer and his co-workers 
at Case Western Reserve University during their inves- 
tigations of the inactivation of C3 and late-acting com- 
plement components by yeast cell walls. They demon- 
strated that an insoluble yeast cell wall preparation, 
zymosan, could completely consume C3 during a 37°C 
incubation in serum without affecting CI , C4, or C2 titers 
(37). This inactivation had the characteristics of an ezy- 
matic reaction and required factors that could be removed 
from serum by preincubation with zymosan at 17°C. 
These factors differed from antibodies in that their ab- 
sorption from serum required magnesium ions, temper- 
atures above 10°C, a pH of 6.5 to 8.2, and low ionic 
strength. This led to the suggestion that consumption of 
C3 occurred by enzymatic activation via a new pathway 
which was termed the properdin system. Moreover, it was 
demonstrated that this system played an important role 
in the serum bactericidal reaction, in viral neutralization, 
and in the acid lysis of erythrocytes from patients with 
paroxysmal nocturnal hemoglobinuria. Unfortunately, 
subsequent recognition that natural antibody to zymosan 
is present in normal serum led to the belief that Pillemer' s 
data reflected only the activation of the classical pathway 
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by preexisting antibody (38). Thus the fundamental dis- 
coveries of Pillemer and his colleagues were largely ig- 
nored until the alternative pathway was "rediscovered" 
a decade later. 

There are six normal serum proteins thought to be im- 
portant in the initiation and control of alternative pathway 
activation. These are factor B, factor D, properdin, factor 
H (01H), factor I (C3b/C4b inactivator), and C3 itself (39). 



Factor D 

Factor D is a 25,000-dalton, single-chain glycoprotein, 
with 7-globulin electrophoretic mobility when purified but 
<x-globulin electrophoretic mobility in serum (40). It is a 
trace protein in serum (1 to 2 |xg/ml), and its low con- 
centration may make it rate limiting in assembly of the 
alternative pathway C3 convertase, C3bBb. No evidence 
of cleavage of factor D has been found and it is presumed 
to circulate in the active state. It has sequence homology 
with other serine proteases but does not hydrolyze syn- 
thetic esters and is relatively resistant to the archetypal 
serine protease inhibitor diisopropylfluorophosphate 
(DFP) (41). It has no activity on its natural substrate, fac- 
tor B, untO the latter is bound by C3b. Thus it is most 
likely that factor D is able to express its proteolytic ac- 
tivity only after exposure of a cryptic site on factor B by 
the C3b interaction. 



Factor B 

Factor B is a single-chain, 93,000-dalton, p-globulin 
zymogen serine protease. In the presence of Mg 2 **", factor 
B forms a stoichiometric complex with C3b with a molar 
ratio of 1 : 1 (42). On cleavage by factor D, two fragments 
are formed. The smaller 30,000-dalton fragment, Ba, is 
released, while the larger 63,000-dalton fragment, Bb, re- 
mains associated with C3b. The latter fra gmen t contains 
the protease activity (43). The complex C3bBb is termed 
the alternative pathway C3 convertase. This complex is 
quite labile and Bb dissociates spontaneously from C3b 
under physiologic conditions. Ba and Bb are reported to 
have opposing regulatory effects on B lymphocyte func- 
tion and Bb is reported to augment the spreading of phag- 
ocytic cells on a surface. 



Properdin 

Properdin (from the Latin perdere, to destroy), the pro- 
tein through which the alternative pathway was discov- 
ered, is a 7-globulin of approximately 143,000 to 156,000 
daltons, consisting of three apparently identical subunits 
held together noncovalently (44). Its serum concentration 
is about 25 ng/ml. There are two forms of properdin, na- 
tive (nP) and activated (P), which apparently differ from 
each other only by a small conformational change (45). 
Native properdin can bind to the assembled alternative 



pathway C3 convertase (C3bBb) but cannot bind to C3b 
alone. Its function in this circumstance is to reduce the 
rate of decay of the convertase and thus promote alter- 
native pathway activation. Activated properdin can, in 
addition, bind to C3b on particles or in the fluid phase in 
the absen ce of factor B and then promote the assembly 
of C3bBb. Factors regulating the conversion of nP to P 
are largely unknown, and some authors have questioned 
whether two distinct forms truly exist. Spontaneous con- 
version of nP to P in purified protein preparations has 
been observed to occur, and P is the form of the molecule 
eluted from alternative pathway activators after incuba- 
tion in serum. On the other hand, P does not revert to nP 
spontaneously but is reported to do so after incubation 
with the denaturant guanidine. 



Factor H 

Factor H (formerly known as 01H) is a 150,000-dalton, 
single-chain peptide of p electrophoretic mobility. Its 
serum concentration is about 500 |xg/ml (46). Gel filtration 
studies indicate that factor H may circulate as a dimer 
under physiologic conditions. Unlike the previously de- 
scribed proteins, factors B and D and properdin, which 
are important in the assembly of the alternative pathway 
C3 convertase, factor H functions to downregulate C3- 
cleaving convertase activity. This is accomplished by 
competition with both B and Bb for C3b binding, thereby 
inhibiting convertase formation and accelerating decay of 
existing convertase complexes (47). Factor H is also a 
necessary cofactor for the inactivation of C3b by factor 
I (48). The binding of H to C3b does not require cations 
but is enhanced by low ionic strength. Factor H can bind 
to C3b on surfaces or in the fluid phase, although with 
varying affinities depending on the chemical nature of the 
environment in which the C3b is found. As explained 
liter, this varying affinity of H for C3b may be the most 
important determinant of whether or not a particle will 
activate the alternative pathway. 



Factor I (C3b/C4b Inactivator) 

Factor I is a 90,000-dalton, p-globulin glycoprotein 
composed of two chains of 50,000 and 40,000 daltons held 
together by disulfide bonds (49). It demonstrates proteo- 
lytic activity toward two substrate molecules: C3b and 
C4b. In the presence of the appropriate cofactors, factor 
I effects two sequential cleavages of C4b and three cleav- 
ages of C3b (50). These result in defined breakdown prod- 
ucts with altered activity (see later discussion). The active 
site is on the 40,000-dalton light chain and is not inhib- 
itable by DFP, soybean trypsin inhibitor, tosyl-L-lysine 
chloromethyl ketone (TLCK), benzamidine, or phenyl- 
methyl sulfonyl fluoride (PMSF). Nonetheless, sequence 
analysis has demonstrated a high degree of homology be- 
tween factor I and known serine proteases. Thus the ac- 
tivity of this enzyme is probably controlled by a require- 
ment for configurational changes in its substrates (C3b or 
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C4b) mediated by essential cofactors (factor H or C4- 
binding protein), before exposure of the site for enzymatic 
cleavage. This is analogous to the mechanism of enzy- 
matic activity of factor D on factor B. 



C3 

C3, because of its central role in both classical and al- 
ternative pathway activation and because of its major role 
in the host defense process, has been the focal point of 
much research on complement activation. Human C3 is 
a 195,000-dalton glycoprotein of p electrophoretic mo- 
bility. It has two chains, one of 120,000 daltons (a chain) 
and the other of 75,000 daltons O-chain) with carbohy- 
drate present on both chains (51). Serum concentration 
is 1 to 2 mg/ml. C3, like C4, is synthesized as a single- 
chain precursor molecule (proC3) in which the 3 chain 
occupies the amino terminus. Excision of a series of four 
arginine residues yields the mature molecule. 

Within the a chain resides an unusual thioester bond 
between a cysteinyl residue and a glutamic acid residue, 
separated by two intervening amino acids. This unstable 
bond, thought to be buried in a hydrophobic pocket, is 
responsible for the covalent binding reactions of C3 (as 
well as C4 and a 2 -macroglobu!in, which share this feature) 
(52). 

When C3 is cleav ed by either the classical pathway C3 
convertas e (C4b 2a) or the alternative pathway C3 con- 
vertase (C3bBb), the a chain is divided into two unequal 
fragments, the larger of which remains covalently linked 
via disulfide bonds to the 0 chain. This molecule, des- 
ignated C3b, has a MW of 185,000 daltons (53). The 
smaller fragment, C3a, represents the amino terminal 77 
amino acids of the a chain and has diverse effects on cells 
with receptors for this peptide, including lymphocytes, 
mast cells, and endothelial cells (see later discussion). On 
cleavage of C3 to C3b, the molecule undergoes a complex 
rearrangement of tertiary structure, which exposes the 
internal thioester bond in the a chain (52,54). On expo- 
sure, the thioester bond can be broken by reaction with 
appropriate aldehydes, carboxyl groups, nitrogen nucleo- 
philes, or by water itself. The result is a new covalent 
bond between C3b and an electron-donating group. On 
particles such as erythrocytes or zymosan, the formation 
of ester bonds seems to be favored (55), whereas pro- 
teinaceous immune complexes form amide, as well as 
ester, bonds with C3b. Since water can hydrolyze the 
thioester and is generally present in vast molar excess 
over all other potential electron donors, the process of 
C3b binding to surfaces or soluble immune complexes is 
inefficient. In general, many molecules of C3b will in- 
corporate H 2 0 into the reactive bond for each molecule 
that is able to bond covalently to the complement-acti- 
vating surface. Nonetheless, recent experiments in which 
C3 was cleaved to C3b in the presence of small molecules, 
such as amino acids and simple sugars, have demon- 
strated that some of these are preferential acceptors of 
the C3b molecule. In particular, glycerol, threonine, and 
raffinose are highly efficient at forming covalent bonds 



with C3b even in the presence of a large excess of H 2 0 
(56). Immunoglobulin G also appears to be an efficient C3 
acceptor (see later discussion). 

C3b, after formation by either the classical or alter- 
native pathway C3 convertase, is susceptible to further 
cleavage, which proceeds in several steps (see Fig. 3) 
(57,58). The first cleavage is made by factor I with H as 
an essential cofactor for fluid-phase cleavage and an ac- 
celerator for cleavage on surfaces. A second factor I-me- 
diated a-chain cleavage occurs in rapid succession with 
the release of a 3,000-dalton fragment. The resultant 
three-chain molecule is termed iC3b. It can no longer 
function in the alternative pathway C3 convertase (or the 
C5 convertase of either pathway). The iC3b molecule has 
68,000- and 43,000-dalton chains derived from the a' chain 
of C3b and the unchanged 75,000-dalton 3 chain of the 
original molecule. Surface-bound iC3b undergoes a third 
cleavage at a site within the 68,000-dalton chain, which 
releases a three-chain, 145,000-dalton molecule termed 
C3c and leaves a 41,000-dalton fragment termed C3dg 
bound to the surface. This cleavage is carried out by factor 
I, but factor H does not appear to be a physiologically 
relevant cofactor (58). Instead the cell membrane C3b re- 
ceptor, called CR1, appears to serve as cofactor for this 
step (see later discussion). A variety of enzymes, includ- 
ing trypsin, plasmin, and neutrophil elastase, can remove 
a 10,000-dalton amino terminal portion from C3dg to yield 
C3d. These same enzymes can generate C3d directly from 
iC3b. The breakdown of iC3b in the fluid phase appears 
to follow the same steps but proceeds very much more 
slowly and is less well characterized. 



ALTERNATIVE PATHWAY ACTIVATION 
AND CONTROL 

When C3b is generated in the course of classical path- 
way activation, it may serve as an initiator of the alter- 
native pathway by providing a binding site for factor B. 
The binding requires Mg 2 ^. Binding to C3b is presumed 
to expose a cryptic cleavage site in the factor B molecule, 
which is the substrate for the protease, factor D. Ba is 
released, and the resulting bimolecular complex, C3bBb, 
acts as the C3 convertase of the alternative pathway (59). 
The active enzymatic site is on Bb, but C3b is essential. 
C3b in the alternate pathway convertase is able to bind 
additional native C3 and in so doing makes the cleavage 
site in the C3 molecule available to the enzymatic activity 
of Bb. In this way, C3b in the alternative pathway C3 
convertase is analogous to C4b of the classical pathway 
C3 convertase and Bb is analogous to C2a. Factor D is 
not incorporated into the C3 convertase and may be re- 
utilized. Enzymatic activity is controlled, by several 
mechanisms. Factor H may displace factor Bb from the 
alternative pathway C3 convertase and also functions as 
a cofactor for factor I cleavage of C3b, terminating its 
ability to function in the convertase (60). In addition, the 
complex enzyme C3bBb has a tendency to dissociate even 
in the absence of regulatory proteins, with a Ti n of about 
5 min at 30°C. Properdin counterbalances these controls 
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FIG. 3. C3 cleavage and the subsequent 
stepwise breakdown of C3b. Fragment 
molecular weights and enzymes respon- 
sible for the various cleavages are desig- 
nated. Recent studies suggest that gp45- 
70 (membrane cofactor protein) is also a 
relevant cofactor for step B. 
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by decreasing the rate of the dissociation of C3bBb and 
therefore stabilizes enzymatic activity (59). Factors H and 
I are absolutely required to prevent spontaneous fluid- 
phase assembly of the alternative pathway C3 convertase 
and the subsequent consumption of alternative pathway 
c ompo nents through unregulated activity of factor D and 
C3bBb. This has been shown in vitro using the purified 
proteins of the alternative pathway and has also been con- 
firmed in viva, since patients genetically deficient in factor 
I or H have very low C3 levels and circulating C3 frag- 
me nts (61 ). When additional C3b is formed by the action 
of C3bBb, some por tion of th e new C3b may join the initial 
complex to form (C3b) 2 Bb. The second C3b provides a 
binding site for C5 and allows the new complex enzyme 
to function as the alternative pathway C5 convertase. Ki- 
noshita et aL have very recently demonstrated that the 



second C3b responsible for C5-binding activity is actually 
covalently attached to the initial membrane-bound C3b 
residue. 

Whenever C3b is created by classical complement path- 
way activation, it may serve as the nidus for formation 
of an alternative pathway C3 convertase. The alternative 
pathway convertase can deposit more C3b on the target 
surface, which can in turn form another alternative path- 
way convertase site. In this situation, the alternative path- 
way serves as an amplification mechanism for comple- 
ment activation and is often referred to as the 
"amplification pathway. ' ' 

The initial event of alternative pathway activation in 
the absence of classic pathway activation is less clear. 
The most likely sequence of events has been outlined by 
Pangburn and Muller-Eberhard (59,62). They showed that 
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the thioester bond in native C3 is not completely stable 
but subject to slow hydrolysis even in the absence of 
cleavage of the C3 molecule to C3a and C3b. C3 bearing 
a hydrolyzed thioester is termed C3(H 2 0) and has a num- 
ber of properties of C3b, including the ability to initiate 
the alternative pathway by interacting with factor B, the 
ability to interact with factors H and I, and the capacity 
to serve as a ligand for cellular C3b receptors (63). Spon- 
taneous hydrolysis of C3 with formation of an alternative 
pathway C3 convertase leads to a continuous low-level 
cleavage of C3 in serum called C3 "tickover." This base- 
line C3 turnover occurs at a slow rate because it is con- 
trolled by factors H and I. In the presence of alternative 
pathway-activating surfaces, such as rabbit erythrocytes, 
zymosan, or lipopolysaccharide, the tickover process is 
thought to provide the initial C3b, which binds to these 
surfaces to begin formation of the surface-bound alter- 
native pathway C3 convertase. 

Clearly, not all surfaces support the assembly of an al- 
ternative pathway C3 convertase whenever C3b by 
chance is bound to them through serum C3 tickover. This 
implies that inherent in the activation of the alternative 
pathway is the ability to discriminate among surfaces to 
which C3b binds. A further implication, since normal self- 
antigens do not activate the alternative pathway, is that 
the alternative pathway represents a primitive mechanism 
for distinguishing self-antigens from foreign antigens, 
such as yeast cell walls (zymosan) or bacterial cell walls 
or lipopolysaccharide. The molecular nature of this dis- 
criminatory ability is partially understood. Activators of 
the alternative pathway provide a "protected site" for 
C3b binding, that is, one in which the net effect is to favor 
factor B binding to C3b over factor H binding (59). In this 
setting, the alternative pathway C3 convertase will form 
and be able to cleave more C3 without the usual inhibition 
by factor H. With rare exception, the property of alter- 
native pathway-activating potential correlates with a re- 
duced affinity of surface-bound C3b for factor H. This 
has best been demonstrated in investigations of the role 
of cell surface sialic acids in control of alternative path- 
way activation (64,65). Although sheep erythrocytes do 
not activate the human alternative pathway, sheep cells 
from which sialic acid residues have been removed will 
activate the alternative pathway, and the extent of acti- 
vation is proportional to the amount of sialic acid re- 
moved. When the mechanism for this was investigated, 
it was discovered that, although C3b molecules on normal 
and desialated sheep erythrocytes demonstrated equal af- 
finity for factor B, the affinity of C3b for factor H on fully 
sialated cells was 10- to 20-fold greater than on desialated 
cells (66). Thus, in this case, cell surface sialic acid, by 
increasing the binding of H to C3b, prevents the formation 
of an effective alternative pathway C3 convertase. A sim- 
ilar mechanism for control of alternative pathway acti- 
vation was demonstrated for heparin that had been linked 
to zymosan particles. Interestingly, removal of sialic acid 
from human erythrocytes does not lead to alternative 
pathway activation. Thus additional control mechanisms 
are operative on human cells, some of which are discussed 
subsequently. 



Role of Immunoglobulin 

No obligate role for antibody exists in the activation of 
the alternative pathway, but immunoglobulin can exert a 
strong modulating influence on this system (67). Aggre- 
gated human myeloma proteins of the IgG, IgM, IgA, and 
IgE classes are capable of activating the alternative path- 
way (68). Soluble and particulate antigen-antibody com- 
plexes formed of IgG from several mammalian species 
and intrinsically nonactivating antigens have also been 
shown to activate the alternative pathway, and this can 
be shown to occur without classical pathway participa- 
tion. Additionally, sensitization with specific IgG signif- 
icantly augments the rate and/or extent of alternative 
pathway activation by intrinsically activating surfaces. 
This effect is independent of the Fc portion of the IgG 
molecule and has been observed to occur with both 
F(ab') 2 and Fab fragments. 

The mechanisms whereby IgG influences the alterna- 
tive pathway are several. IgG is an excellent acceptor of 
nascent C3b, the majority of which binds to a site in the 
heavy chain and probably within the Fd fragment (69). 
Thus antibody may enhance the deposition of C3b and 
the rate of formation of new C3 and C5 convertases by 
providing additional acceptor sites on a sensitized sur- 
face. Alternatively, antibody may function by masking 
sialic acid residues that would normally inhibit alternative 
pathway activation, as has been shown using antibodies 
to the capsule of group B streptococci (70). Finally, data 
suggest that C3b covalently bound to IgG is less suscep- 
tible to inactivation than free C3b or C3b bound to a non- 
immunoglobulin acceptor protein (71). This appears to be 
due to a reduced affinity of factor H for C3b bound to 
IgG. The relevance of this finding to surface-bound C3b 
remains to be established, but it may in part explain the 
observed relative resistance of C3b bound to IgG-bearing 
soluble antigen-antibody complexes to the action of fac- 
tors H and I (72). 

An interesting autoantibody has been shown to influ- 
ence alternative pathway activation in a manner quite dif- 
ferent from those previously discussed. This antibody, 
termed C3 nephritic factor (C3NeF), was discovered in 
the sera of patients with membranoproliferative hypocom- 
plementemic glomerulonephritis and was subsequently 
shown to be present in some individuals with partial lipo- 
dystrophy (73). C3NeF is an IgG anti body s pecific for the 
a lterna tive pathway C3 convertase, C3bBb. The complex 
C3bBbC3NeF is highly resistant to factor H-mediated dis- 
sociation and is thus capable of promoting unregulated C3 
consumption by the alternative pathway. 



Agents that Modify Alternative Pathway Activation 

There are a number of substances that have proved to 
be useful modulators of alternative pathway activation in 
the laboratory. These can be divided into two groups, 
those that promote C3 cleavage and those that inhibit C3 
cleavage. 
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One of the most widely used of such reagents is a 
140,000-dalton protein from cobra venom that is func- 
tionally analogous to C3b. This three-chain molecule, 
termed cobra venom factor (CVF), is derived from the 
cobra* s C3 (74). It can bind factor B, permit its cleavage 
by D, and form an alternative pathway C3 conyertase. 
Unlike C3b, CVF is not inactivated by H and I and there- 
fore forms an unregulatable C3 -cleaving enzyme. The un- 
regulated convertase is able to cleave C3 and factor B in 
the fluid phase until both proteins are essentially com- 
pletely consumed from serum. This activity of CVF has 
been used by investigators to deplete C3 both in vivo and 
in vitro and as a way of obtaining C3b. The extent of 
consumption of terminal complement components follow- 
ing CVF activation of the alternative pathway depends on 
the source of CVF. Cobra venom factor isolated from the 
venom of Naja naja kaoutha forms not only an unregu- 
lated C3 convertase but also an effective C5 convertase. 
C5 cleavage is followed by consumption of all the terminal 
components. Cobra venom factor from Naja haje venom, 
on the other hand, is incapable of C5 cleavage; thus its 
use leads to consumption of B and C3 but leaves terminal 
component levels unaffected. The molecular mechanism 
for these differences in CVF molecules has not yet been 
elucidated. 

Other agents that promote alternative pathway acti- 
vation include suramin, a drug used in the treatment of 
African trypanosomiasis, and K-76 monocarboxylic acid, 
a product of the fungus Stachybotrys complementi K-76 
(75,76). Both inhibit cleavage of C3b by factors H and I, 
albeit by different mechanisms. 

Agents that inhibit alternative pathway activity include 
heparin and gold sodium thiomalate, both of which appear 
to increase the affinity of C3b for factor H (77,78). Fluid- 
phase heparin also appears to be capable of "masking" 
a portion of surface-bound C3b residues and preventing 
their interaction with factor B. Complestatin, a product 
of Streptomyces lavendulae, inhibits alternative pathway 
activation by combining with factor B in a manner that 
blocks its interaction with C3b. Recently, a macromole- 
cular product of Aspergillus fumigatus has been identified 
which inhibits alternative pathway activation by as yet 
unclear mechanisms (79). In addition, a membrane gly- 
coprotein encoded by herpes simplex type 1 virus has 
been shown to modulate both the alternative pathway C3 
convertase and C3-C5 interactions (80). This may result 
in enhanced resistance of the virus to neutralization in 
serum (81). 



THE CI BYPASS PATHWAY 

There is a third pathway of complement activation, dis- 
covered by the use of C4-deficient guinea pig serum. In 
this pathway, although no classical pathway C3 conver- 
tase is formed, Cl activation is required for activation of 
the complement cascade. Therefore this pathway has 
been called the Cl bypass pathway (82). Although the 
mechanism for this effect is unknown, one possibility is 
that activated Cl replaces D (albeit inefficiently) in con- 



centrated C4-deficient serum. Initiation of complement 
activation via this pathway requires a large amount of 
antibody. The molecular natures of the C3 and C5 con- 
vertases in this pathway are unknown. Recently, this 
pathway has been shown to be responsible for the lysis 
of Giardia lamblia as well as several bacterial species (83). 

TERMINAL COMPLEMENT COMPONENTS AND 
THE LYTIC MECHANISM 

A detailed understanding of the molecular interactions 
of the terminal components C5 to C9 has developed over 
the last two decades. It is known that biologic activity of 
C5 requires cleavage of the C5 molecule into two frag- 
ments, C5a and C5b, by an enzyme derived from the C3 
convertase. The C5a fragment has potent independent bi- 
ologic activity which is considered later. The C5b portion 
combines sequentially with C6, C7, C8, and C9 to form 
a macromolecular complex that is capable of damaging 
biologic and artificial membranes and causing cell lysis 
by the creation of a hydrophilic transmembrane pore or 
channel (84,85). In addition, a phenomenon known as re- 
active lysis has been described, in which the isolated met- 
astable C5b6 complex can be used to initiate formation 
of the terminal complex on surfaces without a concomi- 
tant requirement for earlier components. This reaction 
has provided a useful tool for identifying potentiators and 
inhibitors of terminal complex formation (86). The most 
intensive areas of investigation have focused on the exact 
molecular composition of the C5b-9 complex, the bio- 
chemical nature of attachment of this complex to mem- 
branes, and the functional and biochemical characteristics 
of the lytic complement lesion. After much debate, most 
workers in the field agree that complement lysis is due to 
the formation of a stable, hydrophilic transmembrane 
channel, as predicted by the "doughnut model" of Mayer 
et al. (85). There is now a general consensus that com- 
plement lysis of cells results because the terminal com- 
plex creates membrane channels that are large enough to 
permit exchange of small molecules and ions but too small 
to permit release of macromolecular cytoplasmic con- 
stituents. Due to the Donnan effect, water enters the cells 
through such channels causing the cell to swell and burst. 

A large body of literature now substantiates that during 
formation of C5b-9, the complex inserts into the lipid bi- 
layer of membranes. Evidence includes the observations 
that (a) hydrophobic domains are exposed within the 
forming C5b-9 complex, (b) phospholipids are released 
from target membranes during complement attack, (c) the 
attached C5b-9 complex cannot be eluted from mem- 
branes by ionic manipulations or aqueous-phase proteases 
but instead requires detergent for extraction, (d) conduc- 
tivity changes are detected across planar lipid bilayers 
attacked by the terminal complex, and (e) constituents of 
C5b-9 can be labeled by membrane probes that localize 
exclusively within the hydrophobic core of lipid bilayers. 

Initiation of C5b-9 Formation: C5 and 
the C5 Convertase 

Initiation of membrane attack complex (MAC) forma- 
tion requires cleavage of C5. C5 is a p-globulin glycopro- 
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tein comprising a 115,000-dalton a-chain disulfide linked 
to a 75,000-dalton p chain. Considerable sequence and 
structural similarity exists between C3, C4, and C5, but 
the latter lacks a thioester and does not form convalent 
bonds with target surfaces (51). Physiologic cleavage of 
C5 produces a 185,000-dalton C5b fragment and an 1 1,000- 
dalton C5a peptide. In cellular systems, the hemolytically 
active C5b remains cell associated whereas the smaller 
C5a fragment is released into the fluid phase. Recent data 
suggest that release of C5a is accelerated by interactions 
of C6 and C7 with newly cleaved C5 (87). 

C5 is cleaved by enzymes formed during both alter- 
native and classical pathway activation. Th e C5 co nver- 
tase enzyme of the classical pathway is the C4b2a3b com- 
plex. Enzymatic activity resides in the C2a molecule 
within the complex. The enzymatic site f or C5 c leavage 
by the alternative pathway convertase, (C3b) 2 Bb, is con- 
tained within SB. In both the classical and alternative 
pathway C3 convertases, physical decay of the enzymatic 
subunit from the complex results in loss of C5 convertase 
activity. Cleavage of C5 by either convertase results in 
identical fragmentation of the molecule. In each conver- 
tase, C3b binds native C5, exposing the site of enzymatic 
cleavage. Current data indicate that C3b covalently at- 
tached to C4b is the relevant C5-binding site in the clas- 
sical pathway enzyme (88). Recent evidence suggests that 
there are two molecular forms of cell-bound C3b in the 
alternative pathway C5 convertase. One molecule ap- 
pears to function like C4b in the classical pathway con- 
vertase, and one molecule is analogous to C3b of the clas- 
sical pathway enzyme. The C3b serving as a C4b analog 
binds 55, maintaining it in an enzymatically active con- 
figuration. Fluid-phase C3b can also function as a binding 
site for C5, with subsequent cleavage by a fluid-phase 
enzyme complex. It is likely that the major requirement 
for effective cell surface C5 binding and cleavage is a high 
local concentration of C3b. 

There is a linear relationship between the number of 
cell-bound C5 convertase complexes and subsequent C5 
uptake. However, under conditions in which all C5 he- 
molytic activity is consumed, only a small percentage of 
C5 binds to the activating surface. Morever, cell-bound 
C5b rapidly loses hemolytic activity despite a substan- 
tially slower rate of loss of C5 antigen from the cell sur- 
face. Thus it appears that cell-bound C5b undergoes a 
rapid conformational change that renders it hemolytically 
inactive. The nature of the change is still unclear. As dis- 
cussed in more detail later, the presence of C6 and C7 
increases the uptake of C5 onto membrane surfaces and 
stabilizes the hemolytic activity of the cell-bound C5b. 



Noncomplement-Mediated C5 Cleavage 

A large number of noncomplement proteases produce 
cleavage of C5 to yield biologically active peptides. A 
detailed review of these reactions is beyond the scope of 
this chapter but has been well summarized (89). Briefly, 
trypsin, plasmin, polymorphonuclear leukocyte proteases 
such as elastase and cathepsin G, macrophage and platelet 



proteases, and bacterial enzymes have been shown to 
cleave native C5 into biologically active peptides. It is 
now clear that the fragments produced by trypsin cleavage 
of C5 are not equivalent to the fragments formed when 
C5 has been cleaved by a C5 convertase. Specifically, C5a 
is not produced, although a C5a-Iike biologic activity is 
generated. The anaphylatoxic and chemotactic activity of 
trypsin-cleaved C5 resides in fragments that remain di- 
sulfide linked to the high-MW, C5b-like polypeptide. 



C5b6 and Reactive Lysis 

C6, the next molecule in the cascade, is a 0 2 -globulin 
with a molecular weight reported between 105,000 and 
128,000 daltons. Its structure is stabilized by numerous 
intrachain disulfide bonds (90). C5b and C6 can form a 
stable complex in serum that retains its ability to interact 
with cell membranes over time. With the addition of C7, 
C8, and C9, the C5b6 complex can lyse unsensitized 
erythrocytes and certain other cells in the absence of the 
antecedent components, a phenomenon known as reac- 
tive lysis (86). The conformational alterations in C5b 
which enable interactions with C6 are very short-lived, 
and C5 cleavage must occur in the presence of C6 for 
effective C5b6 complex formation to occur. 

The biochemical characteristics of the C5b6 molecule 
have been defined (91). The complex has an S rate of 10.4 
to 11.5, a MW of 328,000 to 330,000, and in its hemolyt- 
ically active form contains a single molecule each of C5b 
and C6. The electrophoretic mobility of the isolated com- 
plex is indistinguishable from that of C5 (00 but faster 
than that of C6 (p 2 ). The C5b6 complex expresses a new 
antigenic determinant (neoantigen) that is not present on 
either C5 or C6 and is presumably related to conforma- 
tional changes in the C5b and C6 molecules during com- 
plex formation (92). 



C7, Formation of C5b67, and Inhibitors of C5b67 

C7 has physical characteristics very similar to C6 and 
exhibits extremely high affinity for the C5b6 complex. It 
is reported to have 23 to 30% sequence homology with 
the later-acting components C8 and C9 (93). Attachment 
of C7 to newly formed C5b6 occurs very rapidly via hy- 
drophobic interactions and results in the formation of a 
labile fluid-phase complex that aggregates and loses ac- 
tivity if not attached to acceptor surfaces. The C5b67 
complex expresses a unique second neoantigen that dif- 
fers from that of C5b6. This trimolecular complex rep- 
resents the first product of complement activation to sta- 
bly insert into the lipid bilayer of target membranes (94). 
The activity of the complex is very evanescent at phys- 
iologic temperatures and membrane insertion is inefficient 
(less than 1%) unless the target is sensitized with C3b. 
The presumptive mechanism of the C3b effect is binding 
of C5b to C3b, thereby promoting C5b67 formation close 
to the target surface and increasing the likelihood of sub- 
sequent hydrophobic interactions (95). 
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A number of substances have been defined that act on 
C5b67 reversibly in the fluid phase to prevent attachment 
to bystander erythrocytes during the short time that the 
hydrophobic binding site of C5b67 is available. One class 
of inhibitors includes the low-density lipoproteins and 
serum S protein, each of which presumably binds to the 
nascent hydrophobic membrane-binding site on C5b67 
and blocks subsequent interaction of the complex with 
target membranes. A second class of inhibitors includes 
various polyanions such as heparin, dextran sulfate, and 
DNA. On the other hand, histones and polycations en- 
hance the lytic activity of C5b67 for bystander erythro- 
cytes. The mechanisms by which these inhibitors and po- 
tentiators act are still unclear, but presumably they 
function by modifying ionic or charge interactions of C5b6 
or C5b67 with the target membrane. It has also been sug- 
gested that C8 limits the activity of C5b67 by preventing 
the attachment of the fluid-phase complexes to target 
membranes. Thus C8 serves a dual role in complement- 
mediated cytolysis and represents a point of internal reg- 
ulation in the late steps of the complement attack se- 
quence. 



parently do not cross domain boundaries. Antibodies elic- 
ited by denatured C9b are cross-reactive with C6, C7, and 
C8 a chain, as well as the pore-forming protein perforin, 
isolated from cytotoxic lymphocyte granules. Thus these 
proteins may have similar structures responsible for their 
hydrophobic interactions (94). 

C9 has the capacity to polymerize, and purified C9 can 
be induced to do so by prolonged 37°C incubation. Po- 
lymerization is accompanied by elongation of the mole- 
cule, display of a distinctive neoantigen, an increase in 
surface hydrophobicity, and the appearance of free 
sulfhydryl groups. These latter participate in interchain 
disulfide bond formation, to produce C9 dimers. Poly- 
merized (or "poly") C9 forms highly ordered tubular 
structures. These have a length of approximately 16 nm 
and an internal diameter of approximately 10 nm. One end 
bears a thickened annulus, while the other is hydrophobic 
and readily inserts into phospholipid bilayers. The aver- 
age molecular weight of poly C9 is 1 . 1 x 10 6 daltons, but 
the complexes are heterogeneous and may contain 11 to 
19 C9 monomers, although the more common forms con- 
tain 14 to 16 (84,94,97). 



C8 

C8 is a three-chain 7-globulin with a and £ subunits of 
64,000 daltons and a smaller y chain of 22,000 daltons. 
The a and 0 chains differ in sequence despite their iden- 
tical molecular weights (93,96). The a and 7 chains form 
a disulfide-linked heterodimer which associates noncov- 
alently with 0 chain in serum, where the complex exists 
as an equilibrium mixture. A single molecule of C8 can 
interact via its 0 chain with each C5b67 complex and this 
interaction has an extremely high affinity constant similar 
to that of C7 uptake by C5b6. When C8 binds to C5b67 
on a membrane, the C8 7 chain is inserted into the hy- 
drophobic regions of the phospholipid bilayer as assessed 
by labeling with hydrophobic photoreactive probes and 
inaccessibility to proteases. Insertion of C8 a chain 
through the lipid bilayer constitutes a lesion sufficient to 
initiate erythrocyte lysis, leakage of radiolabeled solutes, 
and significant increases in membrane conductivity (84). 
Target lysis by C5b-8 complexes is slow, however, and 
the hydrophilic lesions which are apparently formed are 
both small (0.4 to 3 nm) and unstable. Dramatic enhance- 
ment of lytic efficiency occurs on addition of the next 
component, C9. 



C9 

C9 is a single-chain a-globulin of 71,000 daltons. It is 
composed of two distinct domains. The smaller, C9a, is 
rich in acidic residues and hydrophilic. The larger domain 
of 37,000 daltons, C9b, is enriched for hydrophobic res- 
idues, although the deduced amino acid sequence does 
not include a single extended hydrophobic region similar 
to those of typical transmembrane proteins (94). Both C9a 
and C9b contain multiple intrachain disulfides which ap- 



CHARACTERISTICS AND COMPOSITION OF 
THE FLUID-PHASE AND MEMBRANE-BOUND 
MEMBRANE ATTACK COMPLEX (MAC) 

There is still controversy surrounding the details of 
complement lysis (84,94,97). In most situations the attack 
mechanism of complement requires the participation of 
C5b, C6, C7, C8, and C9 as a macromolecular complex 
with a molar composition of lC5b:lC6:lC7:lC8:3-6C9. 
A stable fluid-phase 22.5S complex with a MW of 1.04 x 
10 6 with the electrophoretic mobility of an a-globulin and 
containing C5b-9 can be demonstrated after incubation of 
serum with alternative or classical pathway activators. 
The complex assembled in the fluid phase has no activity 
but is able to inhibit lysis of EACi-s by C9, presumably 
because the fluid-phase complex, with a molar ratio of 
lC5b:lC6:lC7:lC8:3C9, binds additional C9. Such com- 
plexes also contain three molecules of an additional pro- 
tein, S protein (97). S protein circulates as a normal con- 
stituent of serum at a concentration of 600 fjLg/ml. This 
protein binds to the nascent hydrophobic binding site of 
C5b67 during formation of fluid-phase terminal compo- 
nent complex, thereby destroying its lytic activity and 
preventing its aggregation. 

The physical characteristics of the membrane-bound 
MAC (C5b-9) have been studied following extraction from 
erythrocyte membranes by nonionic detergents. The com- 
plex within the membrane behaves like an intrinsic or in- 
tegral membrane protein since it cannot be extracted with 
high ionic strength buffers or EDTA. This observation 
provided some of the first evidence that the MAC asso- 
ciated with the membrane through hydrophobic interac- 
tions. The dimensions of the extracted complex as de- 
termined by electron microscopy suggested the presence 
of monomelic C5b-9 complexes with an estimated MW 
of 1 x 10 6 . However, others have since reported that the 
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membrane-bound form of the terminal complex is a C5b- 
9 dimer or consists of monomelic, dimeric, and trimeric 
forms, and the MAC may in fact have a heterogeneous 
size distribution. 

Analysis of both cell-bound and fluid-phase C5b-9 com- 
plexes has suggested that they contain a disulfide-linked 
dimer of C9. Such C9 dimers may serve an important func- 
tion in cell lysis by facilitating dimer formation of the en- 
tire C5b-9 complex, thus enhancing membrane disruption. 
However, this hypothesis remains to be proved. 

Electron microscopic studies of the lytic complement 
lesion using the negative stain technique demonstrated 
that the lesion has the appearance of a doughnut, with an 
annular rim of 15 nm in diameter and a central, electron- 
dense region of 10 to 11 nm in diameter raised above the 
membrane (Fig. 4) (98). More detailed examination of the 
detergent-extracted complex from erythrocyte mem- 
branes has led to a model in which the complex contains 
a cylindrical stalk of 15 to 16 nm in length constituting 
the portion of the complex that is embedded into the hy- 



drophobic core of the membrane. The annulus or torus 
of the complex projects above the membrane by at least 
10 nm (Fig. 4), has an external diameter of 20 to 25 nm, 
and an internal diameter of 10 to 11 nm for human com- 
plement and 8.5 to 9.5 nm for guinea pig complement. 
When the isolated complex is reincorporated into lipid 
vesicles, the cylindrical axis of the complex is oriented 
perpendicularly to the membrane, and the annulus is lo- 
cated external to the vesicle (Fig. 4). 

The interpretation of the electron microscopic appear- 
ance of the terminal complex has been modified in light 
of data developed by Podack and Tschopp (review in ref. 
97). Based on the remarkable similarities between poly 
C9 and extracted MAC formed in C9 excess, these in- 
vestigators have proposed that the membrane-bound 
MAC is composed largely of poly C9, with more limited 
participation of C5b678. Studies with membrane-re- 
stricted hydrophobic photoreactive probes are consistent 
with this view, since addition of C9 to membranes bearing 
C5b678 appears to reduce the exposure of the C5b678 to 





FIG- 4. Electron micrographs of the C5b-9 or membrane attack complex lesions. Left: A negatively 
stained erythrocyte membrane after complement attack, demonstrating innumerable discrete 
"holes." (Courtesy of Dr. R. Dourmashkin.) Right: A single complex penetrating a liposome. The 
long axis of the complex is perpendicular to the lipid surface and the hydrophobic domain is inserted 
4 to 5 nm through the lipid milieu. The complex projects into the aqueous phase approximately 10 
nm and displays a thickened outer annulus. (From Bhakdi and Tranum-Jensen, ref. 99, with per- 
mission.) 
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the hydrophobic milieu. C5b678 complexes in membranes 
bind C9 with extremely high affinity and with stoichiom- 
etrics consistent with poly C9 formation (12-15C9:1C8). 
The resultant complexes appear to contain C5b and the 
C8 p chain in a rodlike 17-nm projection, while C6, C7, 
C8a--Y , and C9 are associated with the tubular lesion itself. 

The formation of tubular poly C9 is not, however, a 
sine qua non for expression of the lytic properties of C5b- 
9 complexes. Functional transmembrane lesions are 
formed by complexes bearing numbers of C9 molecules 
well below that required for poly C9 formation, and the 
functional diameter of such channels is roughly propor- 
tional to the number of C9 molecules in the complexes 
(100). Furthermore, thrombin-cleaved C9, which cannot 
form poly C9, remains capable of supporting complement- 
mediated cytolysis. Thus while poly C9 formation may 
have an important role in the genesis of the classical MAC 
structure, the nature of the minimal effective lytic C5b-9 
complex remains to be resolved. 



CELLULAR COMPLEMENT RECEPTORS 

Many of the biologic functions of complement are me- 
diated by interaction of complement cleavage fragments 
with specific cell membrane receptors. The interaction of 
these complement component products with their recep- 
tors triggers a series of complex biochemical responses 
within the cells (101-103). Some of these fragments, such 
as C3b, iC3b, and C3dg, are bound to the site of com- 
plement activation on a target particle. The interactions 
of these target-bound components with their cellular re- 
ceptors is thought to trigger a number of specific re- 
sponses such as phagocytosis by neutrophils and mac- 
rophages, or B lymphocyte activation. Complement 
activation also generates several smaller peptides, C3a, 
C4a, and C5a, that are released into serum or extracellular 
fluid. This group of three polypeptides constitutes the 
complement-derived anaphylatoxins. 



Anaphylatoxins and Their Receptors 

The binding of these released polypeptides to specific 
cell surface receptors leads to a series of cellular re- 
sponses important to the initiation and maintenance of the 
inflammatory process. 

C3a is released on cleavage of C3 by either the classical 
or the alternative pathway C3 convertase. It is a 9,000- 
dalton, nonglycosylated protein with a pi of 9.7. C3a con- 
stitutes the N terminal 77 amino acids of the C3 ot chain 
(104,105). Receptors for C3a have been identified on mast 
cells and basophils, smooth muscle cells, lymphocytes, 
and perhaps platelets. Engagement of the C3a receptors 
on mast cells or basophils induces degranulation, with 
release of histamine and other mediators of anaphylaxis; 
thus the name anaphylatoxin. Binding of C3a to tissue 
preparations induces contraction of smooth muscle cells. 
Whether smooth muscle contraction is mediated directly, 
or secondarily by histamine, is unclear. Although ileal 



contraction in response to C3a can be blocked by anti- 
histamines, uterine contraction cannot (105,106). In vitro 
studies have also shown that C3a induces the secretion 
of mucus by goblet cells, another important feature of 
allergic and anaphylatoxic responses. 

C5a, the "classic" complement anaphylatoxin, is an 
1 1 ,000-dalton protein that represents the N terminal 74 
amino acids of the C5 a chain. Approximately 25% of its 
MW is contributed by a single asparagine-linked oligo- 
saccharide (104,105). Interestingly, the human peptide is 
heavily glycosylated but C5a from certain other species, 
such as the pig, has little or no carbohydrate. The function 
of the carbohydrate is unknown. In many systems re- 
moval of the carbohydrate leaves the activity of C5a un- 
altered. C5a is approximately 200-fold more potent as an 
anaphylatoxin than is C3a. Part of its anaphylatoxic effect 
is mediated by direct binding to a specific receptor on 
basophils and presumably mast cells. Part of its effect is 
indirect, mediated via binding to neutrophils which pre- 
sumably then release a mast cell degranulation-inducing 
substance. C5a and C3a both show tachyphylaxis. Cells 
stimulated with one of these peptides will respond less 
well to a second stimulation with the same molecule. They 
will, however, respond to stimulation by the other ana- 
phylatoxin. This is taken to indicate that each peptide 
binds to its own distinct and specific receptor. In addition 
to its anaphylatoxic effects on mast cells and smooth mus- 
cle, C5a also has histamine-independent effects on en- 
dothelium, causing increased vascular permeability. C5a 
also induces the directed locomotion (chemotaxis) of neu- 
trophils and monocytes. The chemotactic receptor on 
these cells for C5a has been well studied (107). Binding 
of C5a to its receptor has a dissociation constant of 2 to 
3 nM, and there are about 2 x 10 5 C5a receptors per 
neutrophil (108). In its ability to promote chemotaxis, C5a 
is quite different from C3a, which apparently has no effect 
on leukocyte chemotaxis. C5a has a number of other im- 
portant effects upon neurotrophic, causing increased ad- 
hesiveness, aggregation, and adherence to endothelium, 
and also triggering both degranulation and oxidative burst 
activity (109). 

C3a and C5a have also recently been shown to have 
important and opposite effects on in vitro immunoglobulin 
production by human lymphocytes. C3a suppresses and 
C5a enhances immunoglobulin secretion; both apparently 
act at the level of the T cell, presumably through receptor- 
mediated mechanisms. 

A third peptide generated during complement activa- 
tion, C4a, has only recently been shown to possess an- 
aphylatoxic activity. It is a nonglycosylated, cationic pep- 
tide of 8,650 daltons. It is 100-fold less potent as an 
anaphylatoxin than C3a and 25,000-fold less potent than 
C5a. Its potential effects on neutrophils and lymphocytes 
have not been examined. Interestingly, C4a can elicit 
cross-tachyphylaxis to C3a, but not C5a, in guinea pig 
ileum. This suggests that C4a and C3a may act through 
the same receptor. 

All the complement anaphylatoxins are rapidly cleaved 
in serum by the action of carboxypeptidase N, which re- 
moves the carboxy terminal arginine shared by all three 
molecules (104,105). The loss of the C terminal arginine 
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destroys the anaphylatoxic activity of all three molecules. 
However, C5a<i es ^ although about 10-fold less potent 
than native C5a, does retain some chemotactic activity. 
A 60,000-dalton noncomplement serum protein called 
helper factor has been identified which, on binding to 
C5ades ar g » further increases its chemotactic activity with- 
out restoring anaphylatoxin activity (109). This protein 
may act to distort or obscure the caiiw>hydrate present on 
C5a<ies arg since deglycosylated CSa^s ar 8 has been shown 
to be 10-fold better as a chemoattractant than unmodified 

C5a<ies arg« 



Integral Membrane Proteins that Regulate 
Complement Activity 

One of the most important developments in comple- 
ment research over the past 20 years has been the rec- 
ognition of a series of integral membrane proteins present 
on cellular surfaces that regulate complement activation, 
degradation, and biologic activity. In many cases these 
proteins also function as membrane receptors. The bind- 
ing of ligand to these receptors influences the activity or 
state of differentiation of the cells on which they reside. 



The Receptors for Target-Bound Fragments of C3: 
CR1, CR2, CR3, and CR4 

The best-studied cellular receptors for complement 
components are those involved in complement enhance- 
ment of the phagocytosis of bacteria, yeast, antibody-sen- 
sitized erythrocytes, and other particles. It has been 
shown that receptors for several C3 fragments are of great 
importance in phagocytosis. The discovery of cellular 
complement receptors is credited to Nelson in 1950. Al- 
though earlier reports are replete with examples of fresh 
serum promoting binding of particles to phagocytic cells, 
Nelson showed that neutrophil phagocytosis of Trepo- 
nema pallidum and Streptococcus pneumoniae sensitized 
by antibody and complement was more efficient in the 
presence of human erythrocytes (110). This erythrocyte 
enhancement of phagocytosis was thought to occur be- 
cause complement-coated bacteria were immobilized on 
the surface of the red cells and thus more easily engulfed. 
Ultimately, this red cell binding of bacteria was shown to 
occur because of the interaction of organism-bound C3b 
with a specific C3b receptor on the erythrocytes, a phe- 
nomenon known as immune adherence. All primate eryth- 
rocytes possess immune adherence (C3b) receptors; al- 
though nonprimate erythrocytes do not have this 
receptor, a functionally equivalent receptor exists on the 
platelets of nonprimate vertebrate species. Receptors for 
C3b have also been demonstrated to exist on B lympho- 
cytes, some T lymphocytes, monocytes, and neutrophils 
as well as mast cells, eosinophils, basophils, and glo- 
merular podocytes (102). The C3b receptors on all blood 
cells are antigenically identical but the receptor isolated 
from granulocytes has a slightly higher molecular weight 
on gel electrophoresis. The isolated C3b receptor glyco- 



protein is found in a series of genetically determined po- 
lymorphic forms and varies in size from 190 to 280 kd (see 
section on molecular biology). Its configuration in the cell 
membrane is unknown, although some evidence suggests 
that it exists in the form of a hexamer or pentamer. The 
C3b receptor, in order to distinguish it from membrane 
receptors for other C3 fragments, is termed CR1. There 
are 300 to 1 ,000 CR1 on each erythrocyte and about 5,000 
to 30,000 CR1 per cell for the various leukocytes, as de- 
termined by binding of specific anti-receptor monoclonal 
antibody. Since there are about 1,000 times as many 
erythrocytes as leukocytes in the blood, this implies that 
over 90% of circulating CR1 are on erythrocytes. CR1 
binds C3b with a much higher affinity than native C3, 
perhaps as much as 1,000-fold higher (63). Hence, the 
interaction of a C3b-coated particle or immune complex 
with the C3b receptor is not blocked by free serum C3, 
allowing C3b to play an important role in phagocytic pro- 
cesses and the catabolism of immune complexes. CR1 is 
freely diffusible in the membrane of all unactivated cells 
and when cells are extracted with nonionic detergents 
CR1 remains in the detergent-soluble fraction, suggesting 
that it is not associated with cytoskeletal elements. Pre- 
sumably, in erythrocytes the molecule retains this con- 
figuration. On phagocytes, activation of the cell with 
lymphokines, phorbol esters, or a number of other soluble 
immunomodulators leads to clustering and ultimately cap- 
ping of the receptor. It becomes detergent-insoluble, sug- 
gesting cytoskeletal attachment (111). Moreover, the re- 
ceptor is endocytosed. Some data suggest that such 
endocytosis actually represents cycling of the receptor to 
an internal pool with subsequent return of the receptor to 
cell surface (112). If monomer ligand (C3b) is bound to 
the receptor, it too returns to the cell surface in unaltered 
form. However, internalized dimeric or multimeric C3b 
is transferred from the CR1 -containing compartment to 
other compartments within the cell, where it is ultimately 
catabolized. Evidence obtained with phorbol ester-stim- 
ulated cells suggests that CR1 is rapidly phosphorylated 
and that phosphorylation is reversed after 30 min of in- 
cubation with the stimulant Other stimuli, like the 
chemotactic peptide f-met-leu-phe, also cause phospho- 
rylation although, unlike phorbol esters, they do not in- 
duce ingestion of targets such as C3b-coated red cells. 

The binding of a C3b-coated target to CR1 does not 
itself initiate phagocytosis by a resting phagocyte. A sec- 
ond signal is generally required to initiate the phagocytic 
process (113). This signal can be provided by a few mol- 
ecules of IgG bound to the target interacting with IgG Fc 
receptors on the cell membrane. It can also be provided 
by various activation signals that appear to take the cell 
from a resting state to an activated state. Such activation 
signals can be provided by factors released during chronic 
infection, fibronectin or laminin acting on mononuclear 
phagocytes, activators of the phosphoinositide metabolic 
pathway, and phorbol esters (103). 

In addition to its role in phagocytosis, CR1 plays a crit- 
ical role in the C3 degradative pathway. Upon binding of 
C3b to CR1, it becomes accessible to the action of factor 
I. In this respect it acts like fluid-phase factor H; however, 
the product of this interaction is not the fragment iC3b 
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mentioned earlier (see Fig. 3). In contrast, cleavage pro- 
ceeds beyond the iC3b step to yield a further degradative 
product, C3dg (102,114). CR1 also facilitates the degra- 
dation of C4b by factor I, leading to the formation of a 
cleavage fragment, C4d, bound to the target surfaces. 
CR1 is believed to play a critical role in the processing of 
immune complexes. These appear to arise in the circu- 
lation quite commonly, for example, during the course of 
a viral infection, and are potentially quite toxic. It appears 
that the binding of C3b to these immune complexes is 
important in their ultimate removal from the circulation. 
Upon activation, C3b tends to bind to immunoglobulin 
(see previous discussion). Once immunoglobulin bound, 
the C3b tends to resist further degradation by factors H 
and I (71,114). The C3b will interact with adjacent cells 
with C3b receptors, and the bulk of CR1 receptors in the 
circulation are on erythrocytes. Such interaction leads to 
effective removal of the immune complexes from the 
plasma by adsorption to the erythrocyte surface, and the 
complexes can no longer diffuse from the intravascular 
compartment into tissue sites to induce damage. The C3b- 
containing immune complexes bound to erythrocytes cir- 
culate to the liver where they are stripped off the eryth- 
rocytes by macrophages within the hepatic sinusoid (1 15). 
The erythrocytes, now free of immune complexes, return 
to the circulation where they continue to circulate with a 
normal half-life. Interestingly, they appear to lose some 
membrane CR1 in this process, and states associated with 
the presence of high levels of circulating immune com- 
plexes are characterized by circulating erythrocytes with 
decreased numbers of CR1 (116). 



CR3, CR4, and CD18 Family of Proteins 

The product of C3b cleavage by factors H and I is a 
three-chain molecule, iC3b (see Fig. 3). There are recep- 
tors for iC3b on a variety of cell types including PMNs, 
monocytes, lymphocytes responsible for antibody-depen- 
dent and NK cellular cytotoxic activity, and mast cells 
(102,103). The iC3b receptor (termed CR3 or Mac-1) is 
functionally the best characterized of all the complement 
receptors. It is a two-chain molecule with a 150-kd a chain 
and a 95-kd (3 chain. This receptor is part of a family of 
such proteins, each with a distinct a chain, which all share 
the same p chain. Other members of this family (CD 18) 
include LFA-1 (lymphocyte function antigen- 1) and p 150- 
95, another C3-binding molecule now thought to represent 
CR4. The function of the (3 chain appears to be to direct 
insertion of the complex into the cell membrane (117). A 
portion of the cellular CR3 content resides within granules 
in neutrophils and is translocated to the cell surface when 
the cell is activated. The location of the receptor within 
the neutrophil has been reported by many workers to be 
the specific granule. However, a portion of the receptors 
may reside in another, more poorly defined, granule com- 
partment that also contains the enzyme gelatinase. CR3 
is quite specific in terms of ligand binding; in the presence 
of Ca 2+ and Mg 2+ ions, it will bind iC3b but does not 
recognize C3b. C3dg or C3d are bound weakly. It is re- 



ported that the receptor recognizes in part a characteristic 
arginine, glycine, asparagine (RGD) sequence in the a 
chain of C3, but that yet another binding site on the mol- 
ecule is required for stable binding. The receptor is also 
reported to have conglutinin-like properties, binding to 
carbohydrate on C3 via a lectinlike interaction. This may 
represent the additional binding site (103). Like many re- 
ceptors that recognize the RGD sequence, this receptor 
is reported to be important in cellular adherence and cells 
deficient in the receptor have a major adherence defect. 
A group of children have been reported who lack or have 
very low levels of the CD18 family of glycoproteins on 
their cell membranes. The phagocytes of these children 
ingest particulate targets poorly and also have multiple 
defects in other adherence-dependent functions. As a re- 
sult of this deficiency, the children have frequent soft tis- 
sue and cutaneous infections with a variety of bacterial 
pathogens, especially staphylococci and Pseudomonas 
aeruginosa (118). Ligands that interact with proteins of 
the CD18 family are reported to appear on endothelial 
cells when these cells are treated with certain lymph- 
okines, suggesting that the release of lymphokines facil- 
itates the attachment of immune effector cells to endo- 
thelium, which is the first step in emigration into areas of 
tissue inflammation. In the phagocytic process itself, CR3 
functions much like CR1, requiring a second signal for 
phagocytosis in the resting cell. 



CR2 and Other Complement Peptide Receptors 

This 140-kd integral membrane protein recognizes the 
physiologic C3 product formed upon interaction of CR1 
with C3b and factor I, C3dg. Elastase and other tryptic 
enzymes can cleave C3dg to a further degradative frag- 
ment, C3d, which is also recognized by CR2. This integral 
membrane protein is present on all B lymphocytes and 
epithelial cells and is reported to be important in providing 
the B lymphocyte with signals that stimulate cell cycling 
and differentiation (119). CR2 also serves as the cellular 
target for the binding of Epstein-Barr virus to B lym- 
phocytes. Its presence on epithelial cells is believed to be 
important in initial Epstein-Barr virus infections in which 
epithelial cells of the pharynx are first invaded. Although 
CR2 is not found on phagocytes, the C3dg or C3d frag- 
ments on a particulate target can facilitate binding and 
ingestion via interactions with CR3 and CR4. 

There are receptors for several other complement com- 
ponents that have been identified on various cell types, 
but their biologic importance is not yet understood. A 
receptor for factor H has been reported on B lymphocytes 
and perhaps granulocytes and monocytes. Preliminary 
characterization of this receptor has shown it to migrate 
as a single 50,000-dalton band on SDS-PAGE analysis 
under reducing conditions (120). Binding of factor H to 
lymphocytes via this receptor is said to trigger factor I 
release from the cells, and exposure of monocytes to fac- 
tor H increased NBT reduction and chemUuminescence. 
Lymphocytes, PMNs, and platelets also possess a recep- 
tor for Clq (121). There may be as many as 10 6 Clq re- 
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ceptors per neutrophil. The physiologic significance of 
this receptor is also unknown, but it is tempting to spec- 
ulate that it may have a role in adherence of classical 
pathway activators to phagocytic cells. Since the CI in- 
hibitor binds to Clr and Cls and causes their release from 
macromolecular CI , Clq may remain attached to the clas- 
sical pathway activator and be exposed to cellular recep- 
tors. Interaction of Clq with its receptor on monocytes 
and macrophages has also been shown to activate the cell 
to facilitate phagocytosis of both IgG-coated ligands and 
C3b/C4b-coated ligands. A macrophage receptor for Bb, 
which leads to macrophage spreading on glass or plastic 
surfaces, has also been reported. 



Decay-Activating Factor (DAF), Homologous 
Restriction Factor (HRF), and Membrane Cofactor 
Protein (MCP) 

These three membrane proteins do not act as typical 
receptors in that they do not promote the binding of a 
complement-coated target to the surface of cells express- 
ing these molecules (although evidence is accruing that, 
in certain cases, cellular activation signals may be deliv- 
ered by ligation of these glycoproteins). Nevertheless, 
these molecules do interact specifically with complement 
activation products and they play an essential role in pre- 
serving cellular integrity, preventing lysis of innocent by- 
stander host cells resulting from spontaneous or induced 
complement activation. 

Decay-accelerating factor (DAF) is a 70-kd membrane 
protein that is linked to the cell membrane by the dia- 
cylglycerol moiety of a phosphatidylinositol molecule 
which is covalently attached via a glycosidic linkage to 
the carboxy terminus of the protein (122) . DAF inhibits 
formation of the classical pathway C4b2a convertase by 
interacting with C4b and preventing C2 binding, and also 
by destabilizing the convertase once it forms and en- 
hancing its rate of decay. It also inhibits formation and 
promotes decay of the alternative pathway convertase, 
although it is somewhat less effective in this regard. DAF 
does not act as cofactor for cleavage of C3b or C4b (123). 
The molecule is present in the membrane of all blood cells 
and endothelial cells and exists in two forms, which differ 
in size and which are thought to result from alternative 
splicing of the terminal portion of the gene encoding DAF 
(124). One form of the protein is processed to provide the 
phosphoinositide membrane linkage and the other is trun- 
cated and released from the cell without the membrane 
anchor moiety. It is also reported that the form of this 
protein found in neutrophils is slightly heavier than that 
found in erythrocytes. Like HRF, this phospholipid-an- 
chored membrane-protective molecule is missing from the 
cells in patients with the disease paroxysmal nocturnal 
hemoglobinuria (PNH) (125,126). These abnormalities ap- 
pear to account for at least a portion of the exquisite com- 
plement sensitivity of erythrocytes in PNH and are likely 
responsible for chronic intravascular hemolysis in this dis- 
ease. 

Homologous restriction factor is a 65-kd regulatory pro- 



tein which is also phospholipid anchored and has been 
studied thus far on lymphocytes and erythrocytes, al- 
though it has been shown to be present on monocytes, 
neutrophils, and platelets as well (127,128). It interacts 
with both C8 and C9 of the membrane attack complex to 
prevent successful insertion of the complex through the 
membrane bilayer, thus protecting cells from the late-act- 
ing steps in complement attack. It derives its unusual 
name from the observation that, in the case of each spe- 
cies thus far studied, the factor recognizes and interacts 
with homologous C8 and C9 far better than heterologous 
C8 and C9. The presence of this factor in cell membranes 
would appear to explain the fact that complement proteins 
are far more effective at lysing cells of heterologous spe- 
cies than they are at lysing cells of the homologous spe- 
cies. HRF is also reported to inhibit the action of the 
cellular cytotoxin termed perforin or cytolysin, a mole- 
cule found in large granular lymphocytes which has sig- 
nificant homology to C9 and which has been reported to 
cause cell lysis (129). 

Yet another membrane protein termed membrane co- 
factor protein (MCP) or gp45-70 has been reported in the 
membranes of most blood cell types, but not erythrocytes. 
In addition, it is reported to be present on epithelial cells, 
fibroblasts, and endothelial cells. This protein binds to 
C3b and iC3b but does not appear to have sufficient af- 
finity to act as a complement receptor per se. It does, 
however, facilitate the factor I-dependent degradation of 
C3b to iC3b and may in fact be more efficient in this regard 
than any of the previously identified fluid-phase or mem- 
brane cofactors (130). Interestingly, it does not have 
decay-accelerating activity for either the C3 or C5 con- 
vertases. 



MOLECULAR BIOLOGY, SYNTHESIS, AND 
DEFICIENCIES OF COMPLEMENT PROTEINS 

Within the past decade the molecular biology of the 
complement system has come under intense scrutiny. 
DNA encoding nearly every component of the cascade, 
as well as regulatory factors and cellular receptors, has 
been cloned and sequenced. Chromosomal mapping of the 
complement genes and studies of the regulation of syn- 
thesis of several components have been performed with 
molecular probes. An encyclopedic review of these data 
is beyond the scope of this chapter and is available else- 
where (131). We treat several major themes which have 
emerged from these studies. 



The C3b/C4b Binding Protein Superfamily 

A large number of plasma and membrane proteins in- 
teract with C3b or C4b. These proteins are important in 
complement activation, regulation of the cascade, or as 
cellular receptors. They include factor H, C4BP, CR1, 
CR2, DAF, gp45-70 (MCP), C2, and factor B (132,133). 
A close relationship between these proteins was first sug- 
gested for the regulatory plasma proteins H and C4BP, 
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and the regulatory and membrane receptor protein CR1, 
on the basis of classical genetic techniques. By studies of 
electrophoretic polymorphic variants, the genes for H, 
CR1, and C4BP were found to be very closely linked in 
the human. As molecular probes and eventually full- 
length cDNA clones for these proteins have become avail- 
able, a gene superfamily has emerged. At least the CR1, 
CR2, C4BP, H, and DAF genes are located on the long 
arm of chromosome one in the human (134). More im- 
portantly, each member of this group has been shown to 
contain from 8 to over 30 short homologous repeating 
units approximately 60 amino acids in length. These re- 
peating units generally appear in sequence and occupy the 
amino terminal portion of the protein (133). There are 
eight or nine highly characteristic conserved amino acids, 
including four cysteines, as well as conserved hydropho- 
bic regions. The deduced structure of CR1 has shown its 
28 to 33 short consensus repeats to be organized into 
longer homologous repeats, each of which contains seven 
of the shorter segments. Duplication en bloc of one of 
these longer homologous repeating segments is thought 
to have given rise to at least one of the more common 
electrophoretic variants (103,131). The deduced structure 
of CR2 appears similar. The CR1, CR2, C4BP, and DAF 
genes are very closely spaced and share a higher degree 
of homology, while factor H is not as closely linked and 
is also more dissimilar in primary sequence (134). The 
C3b/C4b binding capacity and cofactor activity of these 
proteins have been explicitly shown to reside in the re- 
peating units in the case of H and C4BP, and this rela- 
tionship is presumed to hold true for the remainder of the 
family. While less well studied, the organization and 
structure of the murine C3b/C4b binding protein genes 
appear similar. 

C2 and factor B, which also bind and interact with C4b 
or C3b, each contain three of the typical short consensus 
repeats at their amino termini (133,135). The carboxy ter- 
minal ends of these proteins confer serine protease activ- 
ity. C2 and factor B are encoded on chromosome 6 in the 
human, within the major histocompatibility complex 
(MHC), and are discussed further later. Two other com- 
plement components, Clr and Cls, have also been found 
to have two of the homologous repeating units at the car- 
boxy terminal end of their noncatalytic heavy chains. Sev- 
eral noncomplement proteins: (^-glycoprotein 1, factor 
XIII, and the (p55 chain of) IL-2 receptor also contain 



several copies of the short homologous repeating unit. 
Careful studies of genomic clones for several proteins in 
this superfamily indicate that each short repeat may be 
encoded by a discrete exon. The functional significance 
of these structures and the factors underlying the pre- 
sumptive multiple gene duplications responsible for this 
family remain to be determined. 



The MHC-Linked Complement Genes 

The genes encoding C2, factor B, and C4 lie in a 120- 
kb stretch of DNA between the HLA-DR and HLA-B loci 
on chromosome 6 in the human (131) (Fig. 5). The C2 and 
factor B genes are less than 1 kb apart. These two genes 
demonstrate high primary sequence homology and each 
encodes several amino terminal short homologous repeats 
linked to a carboxy terminal serine protease domain as 
described previously. The exon structure of the DNA en- 
coding the protease domain of factor B and C2 is similar, 
but not identical, to that of other serine proteases. The 
C2 and factor B genes contain a unique exon encoding a 
region of polypeptide chain between the Asp and Ser res- 
idues of the active site that is not found in other serine 
proteases and share an overall 33% homology in their en- 
zymatic domains. Thus C2 and factor B almost certainly 
represent a gene duplication (135). 

Approximately 30 kb distant from the C2 and factor B 
genes lie two separate C4 loci, each associated with a gene 
encoding the noncomplement protein steroid 21 -hydrox- 
ylase. The two C4 genes encode the two isotypic variants 
C4A and C4B. Fragments of C4A and C4B deposited on 
red cells are responsible for the HLA-linked Rodgers and 
Chido blood group antigens, respectively. The homology 
between C4A and C4B is approximately 99%, with per- 
haps as few as six amino acid substitutions defining the 
two isotypes. These isotypic variations are clustered in 
the portion of the C4 molecule which gives rise to the C4d 
fragment and contains the reactive thioester site (136). 
The functional consequence of the substitutions appears 
to be a predilection of C4A to form amide bonds with 
proteins, whereas C4B preferentially forms ester bonds 
with carbohydrate moieties. In studies of erythrocyte 
lysis, C4B is far more active than C4A. Multiple allotypic 
variants of each C4 isotype exist, so that a normal corn- 
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FIG. 5. A map of the MHC-linked com- 
plement genes (class III MHC gene prod- 
ucts) on the short arm of chromosome 6 
in the human. The arrangement of the 
HLA, A, B, C, and DR loci is shown rela- 
tive to the complement genes. The ex- 
panded 120-kb segment shows the rela- 
tive position and size of the C2, factor B, 
G4A and B, and 21 -hydroxylase (21- 
OHase) genes. Not drawn strictly to 
scale. 
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plement of C4 genes may encode up to four distinct forms 
of the protein. Furthermore, null alleles at both loci are 
fairly common, and 10 to 15% of the normal population 
may carry at least one null (or Q0) C4 allele. About half 
of null alleles thus far examined result from large deletions 
which involve most or all of one C4 gene and an adjacent 
21 -hydroxylase gene. While less well documented, evi- 
dence is also accruing that a significant number of hap- 
lotypes in the general population may contain three C4 
loci. The high frequency of both large deletions and ap- 
parent duplications has led to the proposal that unequal 
crossover events between the C4 loci of sister chromatids 
during meiosis may be responsible for such haplotypes 
with one or three C4 genes (137). In the mouse, only one 
functional C4 product is found. A second C4-like protein 
is encoded in the major histocompatibility complex, and 
expression of this protein is under the control of sex hor- 
mones (sex-limited protein or SLP). Absence of C4 func- 
tion in SLP is probably related to accumulated sequence 
changes near the Cls cleavage site (131). 

Because of their proximity in the genome, specific com- 
binations of C2, factor B, and C4 allelic variants tend to 
occur together. Crossovers within these combinations are 
uncommon, and they tend to be inherited as units referred 
to as complotypes (131). Complotypes can serve as mark- 
ers for even larger units which are called "extended hap- 
lotypes'* and include the HLA A, B, C, and DR loci. 
These are usually inherited en bloc and occur in the gen- 
eral population at frequencies higher than those predicted 
by their physical proximity alone. It has been suggested 
that crossovers within extended haplotypes are actively 
suppressed, but the mechanisms and selective pressures 
responsible for this remain speculative. 



Biosynthesis of Complement Components 

Over the last several decades there has been a steady 
accumulation of data relating to the biosynthesis of com- 
plement components. In the human, the liver appears to 
play a preeminent role in the synthesis of most of the 
components. This has been shown clearly for C3, C6, C8, 
and factor B by documenting a switch in the circulating 
allotypes of these proteins to those characteristic of the 
donor after orthotopic liver transplant (138). Notably, the 
recipient's complement component allotypes do not dis- 
appear completely after such surgery, suggesting extra- 
hepatic synthesis as well. Data regarding the site of syn- 
thesis of most other components are derived primarily 
from in vitro studies of primary tissue cultures or estab- 
lished cell lines, both animal and human. On the basis of 
such information, it appears that functional CI macro- 
molecules are produced by a variety of epithelial cells of 
endodermal origin, and these cells, as well as macro- 
phages, are thought to be an important locus of in vivo 
production (139). The source of virtually all the other 
components studied appear to be the liver or the mono- 
nuclear phagocyte system or both (140). While mono- 
nuclear phagocytes probably contribute little to total 
plasma complement levels, their output may be of con- 
siderable importance at local sites of inflammation. 



Regulation of complement protein biosynthesis is com- 
plex. The majority of studies have been carried out with 
primary macrophage cultures and hepatocyte or macro- 
phage-like cell lines. Synthesis is responsive to a wide 
variety of modulators including immune complexes, am- 
bient complement protein levels, cytokines, neuropep- 
tides, histamine, and arachidonate metabolites, and the 
responses evoked are both protein and tissue specific 
(140). Regulatory mechanisms have been demonstrated at 
the pretranslational, translational, and post-translational 
levels in various in vitro systems. At the clinical level, 
the majority of complement proteins are elevated in 
plasma during acute-phase responses. Careful studies of 
regulation of C2 and factor B synthesis using molecular 
probes are in progress. Despite divergent, independent 
responses of the synthesis of these two proteins to a va- 
riety of stimuli, it appears that at least one segment of 
DNA 3' to the C2 coding sequence is essential for expres- 
sion of both genes (141). It is interesting to note that at 
least two complement proteins, CI and C8, are composed 
of two or more gene products which are assembled non- 
covalently in the extracellular compartment after secre- 
tion. The plasma pool of these components exists as an 
equilibrium mixture of complexed and disassembled sub- 
components, and synthesis of the various subcomponents 
is clearly separable in both in vitro systems and geneti- 
cally deficient individuals. 



Complement Deficiency States 

Complement deficiency states are distinctly uncom- 
mon, and this low frequency points to the strong selective 
pressure favoring maintenance of an effective comple- 
ment cascade. Complement protein alleles, including null 
alleles, show codominant behavior. Thus heterozygotes 
for null alleles have roughly half-normal levels of the com- 
ponents in question and are usually clinically normal (with 
one exception — see later discussion). The consequences 
of homozygous deficiency states divide roughly in ac- 
cordance with the portion of the cascade involved. Hu- 
mans with deficiencies of the alternative pathway are 
highly susceptible to a variety of pyogenic bacterial in- 
fections (presumably due to failure of C3-dependent op- 
sonization), whereas those with terminal component de- 
fects have a poorly understood isolated propensity to 
disseminated neisserial infections. A substantial propor- 
tion of individuals with terminal component deficiencies, 
especially C9, are, however, entirely well. Autoimmune 
disease, presenting as glomerulonephritis or systemic 
lupus erythematosus-like syndromes, is seen in deficien- 
cies affecting all three portions of the complement cas- 
cade but is the particular hallmark of classical pathway 
defects (142,143). Such disorders are seen in over half of 
individuals with C2 or C4 deficiency. The genesis of this 
striking relationship is unclear. It has been proposed that 
C2 and C4 deficiencies profoundly alter the disposition of 
immune complexes and thereby promote both end-organ 
pathology and persistent immunoregulatory abnormalities 
(144). It is notable, however, that heterozygous family 
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members of C2-de£icient patients and humans whose ge- 
notype includes even one null allele (especially C4AQ0) 
among the four C4 genes have increased incidences of 
autoimmunity (142). This finding, and the relationship of 
C2 and C4 genes to the MHC loci, has raised the question 
of additional disease-susceptibility genes linked to the null 
complement alleles. These questions have not been re- 
solved. 

Deficiency of CI inhibitor in the human is clinically 
manifest in heterozygotes as the syndrome of hereditary 
angioedema (145). Affected individuals are subject to re- 
current localized soft-tissue swelling. CI inhibitor is an 
important regulator of the clotting, kinin-generating, and 
fibrinolytic enzyme systems in addition to the comple- 
ment cascade. Chronic consumption of the inhibitor by 
these enzyme systems outstrips the output directed by 
one normal gene, and Cl-inhibitor titers fall well below 
half-normal levels. Failure of homeostatic regulation of 
one or more of the above protease systems is then be- 
lieved to generate a vasoactive mediators) which results 
in angioedema. The precise mediator has been extensively 
sought but remains uncertain. 

A number of animal models of complement deficiency 
are available. These include C2-, C3-, and C4-deficient 
guinea pigs, C3-deficient dogs, C5-deficient mice, and C6- 
deficient rabbits (146). These have been useful in eluci- 
dating the role of complement in opsonization and in con- 
firming abnormalities of the immune response to proto- 
typic antigens. Some of these animals exhibit clinical 
diseases or subclinical serologic abnormalities that mimic 
their human counterparts. 



CONCLUSION 

As recently as 1969, Macfarlane Burnet wrote in his 
book Cellular Immunology: 

Since the studies of Bordet, Ehrlich and Wasserman, the 
concept of complement as an essential part of the mech- 
anism of immunity has progressively been replaced by a 
rather uncertain decision that the classic phenomenon of 
complement lysis of red cells is a laboratory artifact of no 
real significance for immunity. 

We hope that it is clear that our understanding of com- 
plement has come a long way since that time. We are now 
certain that the complement proteins play a critical role 
in host defense and the development of autoimmunity. We 
believe it likely that these proteins will prove to be im- 
portant in control of a number of steps in the immune 
response as well. The fact that very few individuals are 
missing any of the many proteins and the fact that the 
proteins show remarkable evolutionary stability suggest 
that their further study will reveal new important control 
functions. Now that the chain structure of most of the 
proteins and cleavage fragments is known and the amino 
acid sequence of many of the proteins is established, un- 
derstanding their interactions and the biologic conse- 
quences of their activation will provide one of the major 
challenges of the next decade. 
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and generalized swelling. Some of the affected 
fetuses may be aborted, others may be delivered 
stillborn, and others still may be born alive but with 
severe defects, particularly in the central nervous 
system, where considerable damage is caused by 
the deposit of bilirubin in ganglia. Haemolytic dis- 
ease of the newborn does not always develop in 
every Rh~ mother carrying an Rh + fetus. Usually 
the first pregnancy is not affected, but in later preg- 
nancies, as the titre of Rh antibodies increases, the 
chances of haemolytic disease of the newborn also 
increase. The disease can be prevented by giving 
the mother anti-RhD IgG fraction intramuscularly 
at the time of delivery (within 60 h). These passively 
administered antibodies prevent sensitization of 
the mother's lymphoid system and thus the produc- 
tion of RhD antibodies. The passively administered 
antibodies are then eliminated by natural decay. 
This treatment reduces the risk of an anamnestic 
response during subsequent pregnancies by 95%. 

Type III hypersensitivities induced by 
immune complexes 

Principle 

The interaction of antigens with their correspond- 
ing circulating antibodies leads to the formation 
of antigen— antibody (immune) complexes. Normally, 
immune complexes are removed from the circulation 
through the mononuclear phagocyte (reticuloendo- 
thelial) system, particularly in the liver (by Kupffer 
cells), spleen, and lungs, but if they are formed in 
large quantities, they are deposited in various 
tissues. The deposited immune complexes bind and 
activate complement and the C3a and C5a fragments 
so generated bind to basophils in the blood and 
cause their degranulation. Immune complexes may 
also interact directly with basophils and platelets 
(via the immunoglobulin Fc regions) and cause 
their degranulation. Some of the released mediators, 
in particular histamine and 5-hydroxytryptarnine, 
cause retraction of endothelial cells and so increase 
the permeability of the blood vessels and lead con- 
sequently to the deposit of more immune complexes. 
The activated platelets aggregate and initiate the 
formation of small clots on the collagen of the 
exposed basement membrane beneath the endothe- 
lial cells. Other mediators attract neutrophils which 
then attempt to phagocytose the deposited com- 
plexes. The tissue-bound complexes cannot be easily 
engulfed, however, and the macrophages spill their 



lysosomal contents over the tissue. Normally, the 
released lysosomal enzymes would be inactivated 
quickly by substances in the serum, but since the 
serum is to a great extent excluded from the contact 
zone between the phagocytes and the tissue cells, 
they have enough time to attack the tissue. The 
resulting tissue damage leads to a form of hy- 
persensitivity which involves IgG rather than IgE 
antibodies. The hypersensitivity manifests itself in 
a characteristic tissue response which will be de- 
scribed shortly. 

The immune complexes are deposited prefer- 
entially in certain sites throughout the body — the 
kidney glomerulus, the joints, the lungs, and the 
skin. The reasons for this preference may vary from 
organ to organ. The deposit of immune complexes 
in the kidney may occur because the blood pressure 
in the glomerular capillaries is four times higher 
than in other capillaries. Also, the glomerulus is a 
filter through which body fluids have to pass and it 
may retain immune complexes by a simple filtering 
effect. For a similar reason, immune complexes may 
also accumulate on other body filters: the ciliary 
body of the eye, where aqueous humour forms, and 
the choroid plexus in the brain, where cerebrospinal 
fluid is produced. The characteristics of the disease 
which leads to immune-complex deposits may also 
determine the site for the deposit. Systemic lupus 
erythematosus, for example, is characterized by the 
appearance of DNA-specific antibodies (see Chapter 
24) and since DNA has affinity for collagen in the 
basement membrane of the glomerulus, most of the 
DNA— anti-DNA complexes accumulate in this 
organ. Another example is rheumatoid arthritis, in 
which plasma cells produce Ig-specific antibodies 
in the synovium of the joint and the immune com- 
plexes thus initiate an inflammatory response at 
this site. Why the deposition of immune complexes 
only occurs in certain diseases is not known. Poss- 
ible contributory factors include the affinity of the 
antibodies and the valency of the antigen (low- 
affinity antibodies combining with low-valency 
antigens may form complexes that the body has 
difficulty clearing); the participation of complement 
(binding of C3b and C3d to immune complexes 
solubilizes deposited complexes and the lack of 
appropriate complement involvement may have the 
opposite effect); and the nature of the antigen, as 
was pointed out earlier. 

Immune complexes form frequently in auto- 
immune diseases such as systemic lupus erythe- 
matosus and rheumatoid arthritis. The other two 
situations in which immune complexes may be 
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involved in the pathogenesis of the disease are / 
first, low-grade persistent infections such as those 
characterizing leprosy, malaria, African trypano- 
somiasis, and viral hepatitis; and second, repeated 
exposure of body surfaces, such as the lungs, to 
antigenic material such as pigeon antigens (leading 
to pigeon fancier's disease), or fungi from mouldy hay 
(leading to farmer's lung disease). The experimental 
models of these two situations are the Arthus reac- 
tion and serum sickness. 

Arthus reaction 

In 1903, N. Maurice Arthus and Maurice Breton 
described an experiment in which they repeatedly 
injected normal horse serum subcutaneously into 
rabbits, with an interval of several days between 
the individual injections. After the fifth or sixth 
injection, they observed a skin reaction character- 
ized by firm induration, swelling, abscess forma- 
tion, and eventual necrosis. It was not necessary 
that the site of the last injection coincided with that 
of previous injections; the reaction could be ob- 
served at any site where the last injection was 
made. The phenomenon, now referred to as the 
Arthus reaction, is not peculiar to rabbits; similar 
reactions were also observed in guinea-pigs, rats, 
dogs, and humans. The reaction is explained as 
follows (Fig. 21.17). The repeated injections induce 
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Fig. 21.17 Major mechanisms leading to the Arthus reaction. 



the formation of precipitating antibodies specific 
for horse proteins. As the antigen diffuses from the 
injection site through the tissue and into the regio- 
nal blood vessels, it combines with the antibodies 
and insoluble antigen— antibody complexes form 
locally in the venules. The immune complexes are 
deposited between and beneath the endothelial 
cells, where they activate complement. The chemo- 
tactic factors liberated from the complement cascade 
begin to attract neutrophils and platelets to the 
reaction site. The neutrophils adhere to the tissue- 
bound immune complexes via their C3 receptors 
(CR1) and attempt to phagocytose them. Since, 
however, the complexes are attached to a nonpha- 
gocytosable substrate (the basement membrane), 
the phagocytosis is incomplete and the phagolyso- 
some remains open to the exterior, releasing lyso- 
somal enzymes into the surrounding medium. The 
released enzymes attack the basement membrane 
and the tissue surrounding it, collagenases disrupt- 
ing collagen fibres, neutral proteases destroying the 
ground substance, and elastases degrading elastic 
fibres. The proteases also generate C5a from C5, 
which initiates degranulation of the neutrophils. 
The mediators released from the granules promote 
further neutrophil accumulation and degranulation. 
Some of the mediators act on mast cells and baso- 
phils causing their degranulation, thus further ex- 
acerbating the inflammatory reaction. Some of the 
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1. Introduction 

Bifunctional nucleotide derivatives, i.e., nucleotides 
connected by a spacer, such as AMP— AMP or the 
heterofunctional compound AMP— ATP [1], have 
earlier been prepared with the objective of using 
them primarily as affinity chromatography ligands. It 
occurred to us that compounds of this type might 
function as precipitating agents for enzymes. In 
particular, dimeric NAD-derivatives should be useful 
since NAD has affinity for a large number of 
enzymes. Further, these derivatives would allow 
utilization of the principles of ternary complex for- 
mation, which increases the interaction and ensures 
a high degree of specificity [2]. Such affinity 
precipitation of enzymes should not only provide a 
new tool in the analysis and purification of enzymes 
(dehydrogenases), but also be useful in morphologic 
and topographic studies of dehydrogenases in 
analogy to studies using bis-biotinyl diamines and 
avidin [3]. 

This paper describes the preparation of a 
bifunctional NAD compound, N 2 /^2 '-adipodihy- 
drazido-bis<Af* -carbonylmethyl-N AD) (Bis-NAD), 
and its properties as a complexing/precipi taring 
agent for the tetrameric enzyme lactate 
dehydrogenase (LDH). 



2. Materials and methods 

2.1. Materials 

LDH (beef heart, type III, in (NROa S0 4 , 
550 U/mg), adipic acid dihydrazide and l-ethyl-3 
(3-dimethylaminopropyl) carbodiimide were 



obtained from Sigma, St. Louis, MO. Before use 
the enzyme was dialyzed overnight against 0.05 M 
sodium phosphate buffer (pH 7.5) and freed from 
insoluble matter by centrifugation. iV*-Carboxy- 
methyl-NAD was prepared as in [4]. All other 
reagents were of analytical grade and obtained 
from commercial sources. 

2.2. Synthesis of N 2 >N 2 '-adipodihydrazido-bis- 
(T**-carbonylmethyWAD) (Bis-NAD) 

Adipic acid dihydrazide dihydrochloride 
(105 mg, 0.60 mmol) and A* -carboxy methyl -NAD 
(900 mg, 1 mmol) were dissolved in 10 ml water 
(15°C) and pH adjusted to 4.0 with 1 M HQ. The 
condensing agent, l-ethyl-3(3-dimethylamino- 
propyl)-carbodiimide, was added as a 1 M aqueous 
solution (0°C) in 0.1 ml portions. After 30 min by 
which time 15 portions (1 .5 mmol) had been added, 
thin-layer chromatography indicated that most of the 
iV^-carboxymethyl-NADhad been converted and the 
reaction was terminated. The reaction mixture was 
diluted to 1.0 1 and adjusted to pH 8.0 with NH 4 OH. 
The solution was applied to a column with cellulose 
anion exchanger (Whatman DE-52, 2.5 X 80 cm), 
successively equilibrated with 1 M NH4HCO3 
(pH 8.0) and water. The column was washed with 
water and the nucleotide was then el u ted with a 4 1 
ammonium bicarbonate gradient from 0—0.25 M. 

The desired product, Bis-NAD, was eluted between 
1.2 1 and 1.6 1. Lyophilization gave 400 mg of a white 
product which was homogeneous as judged from thin- 
layer chromatography. Rp values on silica gel (Merck, 
Darmstadt) developed in 0.5 M ammonium acetate : 
ethanol = 2.5 were: iV*-carboxymethyl-NAD = 0.22; 
Bis-NAD = 0.05; and the monosubstituted derivative 
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N 7 -adipodihydrazido -N 6 -carbonylmethyl-N AD = 
0.19. Based on ultraviolet spectra and phosphate 
analysis the e-value at 266 nm in neutral aqueous 
solution for Bis-NAD was 21 400 M~ l cm" 1 . The 
yield based on N* -carboxymethyl-N AD was 
calculated as 44%. 

2.3. Affinity precipitation ofLDH (standard 
procedure) 

The precipitation procedure was carried out at 
0— 6°C in the following way: To 1 .5 ml dialyzed LDH 
(1.1 mg/ml) in 0.05 M sodium phosphate buffer 
(pH 7.5) was added 0.25 ml 0.12 mM Bis-NAD 
(water) followed by 0.25 ml 0.8 M sodium pyruvate 
(water). After gentle mixing in a test tube the solu- 
tion was allowed to stand. Within 30 min, a heavy 
precipitate began to form and after 16 h (overnight) 
the precipitate was isolated by centrifugation. 

The amount of LDH in the precipitate and the 
supernatant fluid was determined by the Lowry 
procedure [5] and from activity measurements. LDH 
activity was determined by following the oxidation of 
NADH at 340 nm. The assay medium consisted of 
1 mM sodium pyruvate and 0.30 mM NADH in 
0.05 M phosphate buffer (pH 7.5). The assay was 
initiated by adding a suitably diluted enzyme solution 
(to give Ai434o <0.1/min). Some enzyme inhibition 
due to ternary complex formation with Bis-NAD and 
pyruvate was sometimes observed, but was corrected 
for by references. 

2.4. Affinity precipitation in agarose gels 

Agarose gels (0.8%) were cast on microscope glass 
slides and wells were punched out with a die. In 
double diffusion experiments [6] the agarose gel 
contained 0.3 M sodium pyruvate and 0.05 M sodium 
phosphate buffer (pH 7.5); the center well con- 
tained 1 5 jbd LDH solution (5-50 jug enzyme) and the 
peripheral wells contained 7 *d reagent (Bis-NAD, or 
NAD or buffer). After diffusion for 1.5-16 h in a 
moist chamber at room temperature the precipitated 
protein was stained with Amido black [6]. 

In single radial diffusion experiments [6] the 
agarose was cast in the presence of pyruvate and Bis- 
NAD when LDH was to be quantified and in the* 
presence of pyruvate and LDH when Bis-NAD was to 
be quantified. 
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3. Results and discussion 

3.1. Structural assignment 

When designing the preparation of Afunctional 
NAD compounds, principally equivalent to the one 
depicted in fig. 1, i.e., compounds built by 
connecting two NAD entities symmetrically by a 
spacer, it appeared reasonable to use the available 
compounds N 6 -carboxymethyl -NAD [4] or 
N 6 - [^-(6-aminohexyl)-carbamoylmethyl]-NAD 
[4]. A direct condensation of these two NAD analogs 
by a carbodiimide proved unsatisfactory since the 
yield was very low owing to side reactions [1 ]. 
Other methods based on condensation of two 
N* - [M(6-aminohexyl)carbamoylmethyl]-NAD with 
reactive diimidoesters (adipimidate) or with very 
reactive diacid dichlorides (adipic acid dichloride) 
were feasible, although the exact procedure when 
mixing reactants was critical and great care had to be 
exercised if a satisfactory result was to be expected. 
In addition, the connecting spacers in these cases 
were considered unnecessarily long and an alternative 
linking procedure based on N 6 -carboxymethyl 
derivatives of NAD was therefore tried. N 6 -Carboxy- 
methyl-N AD was thus condensed with adipic acid 
dihydrazide in a carbodiimide-mediated reaction, 
giving a bis-nucleotide with a spacer of moderate 
length (fig.l). The distance between the exocyclic 
nitrogen atoms of the two adenines is ~17 A 
(measured from an extended space-filling model), a 
distance that should allow easy and simultaneous 
interaction with active sites of two dehydrogenase 
molecules, provided the sites are not too-deeply 
buried. The spacer is comparatively hydrophilic, 
which is preferable because it reduces the risk of non- 
specific hydrophobic interactions. 

The condensation reaction described in section 2 
proceeds very smoothly at pH 4.0, due to the 
favourable p/T a values of the reactants (2.5—3.0 for 




R-P-P-R R- P-P-R 



Fig.l. Bis-NAD = N 2 JV 2 '-adipodihydrazido -bis-CJV* - 
carbonylmethyl-NAD). 
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^-carboxymethyl-NAD and 4.9 for adipic acid 
dihydrazide) which also allow for sufficient buffering 
to make external pH-control virtually unnecessary. 

The structure assigned to Bis-NAD is based on 
several facts. The method of synthesis, a carbodiimide 
mediated condensation of7V*-carboxymethyl-NAD 
and adipic acid dihydrazide, should yield only two 
new compounds (besides breakdown products), 
namely adipic acid dihydrazide mono- and 
disubstituted with NAD. In agreement herewith, an 
ion-exchange chromatography of the crude reaction 
product gave three major peaks, the last of which to 
emerge was unreactedyV^-carboxymethyl-NAD. The 
other two peaks were assigned to be the mono- 
substituted compound, N 2 -adipodihydrazido-Af* - 
carbonylmethyl-NAD (the first peak; yield ~10%) 
and Bis-NAD (the second peak; yield ^40%). In a 
separate verifying experiment the condensation was 
carried out with a 20-fold excess of adipic acid 
dihydrazide and, as expected, only one product was 
formed, namely the monosubstituted compound. The 
monosubstituted compound gave positive reaction 
with trinitrobenzene sulfonic acid reagent [7], where- 
as Bis-NAD did not, proving that the latter com- 
pound lacked the free hydrazide group. 

Comparison of 100 MHz proton NMR spectra of 
N* -carboxymethyl-N AD, N 2 -adipodihydrazidoW 6 - 
carbonylmethyl-NAD and Bis-NAD also confirmed 
the structures assumed. The two latter compounds 
thus gave two new signals corresponding to the 
protons of the four adjacent methylene groups of the 
spacer. Besides physicochemical tests, the Bis-NAD 
was shown to act as a coenzyme with LDH. 

3.2. Affinity precipitation, basic properties 

Initial experiments showed that LDH could be 
precipitated from a solution containing equivalent 
amounts of Bis-NAD (i.e., 1 NAD/enzyme subunit). 
The explanation to the precipitation event is believed 
to be rather straightforward. Molecules of LDH, Bis- 
NAD and pyruvate form strong dead-end ternary 
complexes and since Bis-NAD can interact with two 
LDH molecules and since LDH is a tetrameric enzyme 
it can easily be understood that large aggregates will 
form. When these aggregates have grown sufficiently 
large, they turn insoluble and precipitate out. 

In order to obtain an optimal yield' G f precipita- 
tion several parameters were varied. The pH value 
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Fig.2. The efficiency of the affinity precipitation as func- 
tion of the NAD-equiv./subunit ratio. LDH (20 mN) 
dissolved in 0.05 M phosphate buffer (pH 7.5) 0.1 M with 
respect to pyruvate was treated with varying amounts of 
Bis-NAD in small test tubes. Total volume was 0.4 ml. The 
mixture was kept at 4°C overnight and the precipitated 
LDH centrifuged down. The amount of precipitated LDH 
was measured directly by the Lowry method or calculated 
from the LDH activity of the supernatant. 



did not appreciably affect the precipitation in the 
region pH 6.5—8.0 (phosphate buffer). The concen- 
tration of pyruvate was not critical if well above the 
mM range. Therefore 0.1 M pyruvate was routinely 
employed. 

The correct stoichiometry of reactants (Bis-NAD/ 
enzyme) in the affinity precipitation process is 
obviously important. Figure 2 gives the degree of 
precipitation as a function of the ratio between NAD- 
equivalents and enzyme subunits. It is evident that 
maximum precipitation occurs near equinormality 
of enzyme subunits and NAD. When the ratio 
between coenzyme equivalents and enzyme subunits 
is lower than unity, the precipitation yield is low, 
e.g., a ratio of 0.3 gives hardly any precipitation. On 
the other hand, if the ratio is above unity, the 
precipitation yield is not so markedly affected, a 
ratio of 2.5, for example, still giving a precipitation 
efficiency of 75%. 

To confirm these results an additional experiment 
was carried out in which the composition of the 
precipitate was determined. For this purpose a 
precipitate prepared by the standard procedure was 
centrifuged and treated with urea to obtain a clear 
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solution. The solution was analyzed in ultraviolet light 
(266 nm and 290 nm) and the content of nucleotide 
and enzyme calculated. It turned out that the com- 
position of the precipitate corresponded well to the 
ratio at which the precipitation was best, i.e., 
1.1 NAD equiv./LDH subunit. 

To obtain macromolecular aggregates, a minimum 
of 2 (average) subunits/LDH molecule must be 
engaged in complexes, and this minimum corresponds 
to a ratio of 0.5 ; when all subunit s are engaged the 
ratio would be 1 .0, a value close to the observed value 
of 1 .1 . This reasoning is, of course, valid only with the 
assumption that the co factor, pyruvate and enzyme 
form a firm complex. It is also assumed that Bis-NAD 
does not participate in intramolecular crosslinking, an 
unlikely situation since the 17 A spacer (fig.l) would 
be too short to cover the distance between two 
cofactor binding sites within the same molecule [8]. 

33.Redi$$otution of affinity precipitated 
dehydrogenase 
In some applications of affinity precipitation, e.g., 
purification of enzymes, it would be necessary to 
remove pyruvate and Bis-NAD as a final step, and 
in such a way as to preserve activity. Table 1 
illustrates the feasibility of regenerating the free 
enzyme from the precipitate by gel filtration. In 
order to discriminate between losses of activity due 



to the affinity precipitation process and losses due to 
the regeneration, several references were included. 
Gel filtration on Sephadex G-50 gave a recovery of 
^85%, the 15% loss of activity being caused both by 
the precipitation and the gel filtration, as judged 
from the references. Prior to the gel filtration the 
precipitate had to be dissolved and to this end NADH 
was added to 10 mM. The precipitate dissolved within 
1 min, the mechanism behind the phenomenon 
obviously being that NADH forms a strong complex 
with LDH (K diss ~*1 /xM, NADH is present in high 
concentration) and thus efficiently competes for 
the active sites. Also, the simultaneous presence of 
NADH and LDH would consume the comparatively 
small amount of pyruvate present in the precipitate. 
Another competitive ligand, AMP (10 mM) was also 
tried, but was less efficient in solubilizing the 
precipitate in accordance with its higher dissociation 
constant, ~1 mM. Summarizing, it is feasible by 
simple means to regenerate affinity precipitated 
material. 

3 .4. Affinity precipitation in gels 

Affinity precipitation of enzymes resembles, at 
least superficially, immunoprecipitation, i.e., the 
aggregation of antibodies and antigens. In a set of 
experiments we exploited this and adopted the 
techniques commonly used in immunodiffusion 



Table 1 

Recovery of affinity precipitated LDH 



Sample Additions in Treatment in Recovery 

reference the precipitation the recovery % 

step step 



Sample Pyruvate + Bis-NAD NADH; G-50 85 

Reference 1 Pyruvate + NAD NADH; G-50 92 

Reference 2 None NADH; G-50 92 

Reference 3 None None 100 



Samples and references contained 25 mN LDH in 0.05 M phosphate buffer 
(pH 7.5). In the precipitation step pyruvate (0.1 M) and Bis-NAD (30 mN) or 
NAD (30 mN) were added as indicated. The total volume was 1.20 ml. After 16 h 
the precipitate (formed in the samples only) was centrifuged down and the 
supernatant discarded. In the recovery step the LDH in samples and references 
was freed from pyruvate and nucleotide by gel filtration (Sephadex G-50, 
1.5 X 30 cm; 1 ml/min). Before application on the G-50 column the sample and 
the reference were steeped in 10 mM NADH (in order to dissolve the precipitated 
protein in the sample). The activity of the LDH after the various treatments is 
given relative to that of reference 4 (100%) 
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Fig .3. Diffusion -precipitation in agarose gel. The center well 
contained 30 Mg lactate dehydrogenase in 15 pi buffer. The 
peripheral wells contained 7 jtil reagents: wells 1-3, 1.5 nmol 
Bis-NAD; well 5, 3.0 nmol NAD; wells, 4, 6, buffer only. 

experiments. Figure 3 shows the result of a double 
diffusion experiment (Ouchterlony test [6]) in 
agarose-containing pyruvate, where the center well 
contained enzyme, the peripheral wells Bis-NAD or 
NAD or buffer. A precipitation band was observed 
only where LDH and Bis-NAD had been allowed to 
diffuse towards each other. The figure shows the 
situation after 1.5 h diffusion. Prolonged diffusion 
for 16 h gave approximately the same pattern. The 
single radial diffusion technique (Mancini method 
[6]) was briefly evaluated with respect to its ability 
to quantify lactate dehydrogenase and/or Bis-NAD. 
The agarose gel in this case was cast in the presence 
of pyruvate and Bis-NAD (or lactate dehydrogenase) 
and the linearily-arranged wells were filled with 
different amounts of lactate dehydrogenase (or Bis- 
NAD). Precipitation rings were formed around the 
wells; the diameters being approximately proportional 
to the amount of lactate dehydrogenase (or Bis-NAD) 
present in the well. 



4. Conclusion 

Affinity precipitation of enzymes has been 



exemplified here with lactate dehydrogenase and Bis- 
NAD (+ pyruvate) and is likely to be applicable also 
to other NAD-dependent dehydrogenases although 
preliminary experiments with liver alcohol 
dehydrogenase and the Bis-NAD used in this study 
(+ pyrazol) indicate that at least for alcohol 
dehydrogenase a longer spacer is required. Affinity 
precipitation should be applicable also to enzymes/ 
proteins other than dehydrogenases, provided that 
suitable Afunctional ligands are available. In cases in 
which the interaction between the Afunctional ligand 
and the enzyme is not sufficiently strong, formation 
of ternary complexes could be tried as exemplified 
here. Thus, besides dead-end complex formation also 
other ternary complexes could be utilized, for 
instance complexes with coenzyme and inhibitor 
and complexes with coenzyme— substrate adducts 
[9]. Alternatively, a careful addition of salts, e.g., 
ammonium sulphate or solvents, e.g., polyethylene 
glycol might enhance the precipitation without 
impairing the specificity. 

Affinity precipitation of enzymes using bis- 
nucleotides of varying spacer length may be useful 
in topographic studies of enzymes, e.g., in the 
determination of the depth of an active site/ligand 
binding site. Also information concerning the spatial 
arrangements of subunits in an oligorneric enzyme 
might be obtained from precipitated aggregates by 
using electron microscopy analogous to the study of 
complexes between avidin and bisbiotinyl diamines 
[3]. In certain cases enzyme purification procedures 
may benefit from the principle, e.g., when con- 
ventional affinity chromatography is less satisfactory 
because of sterically-impeded interaction between the 
enzyme and its immobilized ligand. Further, the 
method of diffusion— precipitation in gels might find, 
for example, clinical applications. The procedure 
could, for instance, be used for detecting abnormal 
levels of enzymes and other proteins found in serum; 
compared with the immunodiffusion technique an 
obvious advantage of this method is that antibodies, 
which might be difficult to raise, would not be 
needed. 

Finally, it deserves mentioning that Afunctional 
ligands (including those interacting with effector 
sites) may prove useful as agents permitting 
precipitation/immobilization of biomolecules in a 
reversible manner. 
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1. I am a co-inventor of the invention claimed in the above-referenced 
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and I am providing this declaration to make available to the Examiner additional data relevant 
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to the European Patent Office regarding counterpart European patent application no. 
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hereby confirm my belief in the truth of the statements in this English translation for 
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4. The experiments described in Exhibits A and B compared the activity 
of a recombinant soluble fragment of the human p75 TNF receptor (p75sTNFR) to the 
activity of a recombinant immunoglobulin (Ig) fusion protein of p75sTNFR referred to as 
n p75sTNFR/IgG." The recombinant Ig fusion protein consists of the soluble extracellular 
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Example 8, fused to a fragment of the heavy chain of a human IgG3 molecule which is 
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protein is described, inter alia, at page 11, lines 1-14. 
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Eldesstartlicbe ErManror 



Ich, Werner Lesslauer, Dr. med^ Dr. phiL nat., Privatdozeac zur Zeit Gasiprofessor do* Yale 
University School of Medicine, Dept Epidemiology & Public Health and Immunobiology 60 
College Street. New Haven, CT 06520-8034, USA. roache die folgeode eidessoaliche 
Eridarung. 

Voni Jahr J 987 bis Endc Juni J 999 war ich in den BioJogic-Abteilungen der Zentralen 
Forschuagseinhcit und der Forechungsabteilung Zentralcs Nervenxystem der Hoffmann -La 
Roche AG in Base! (Schwetz) tftig, zuietzt alt wtsseoschafdicher Experts veranrwordtch fur 
die Leitung vertchiedener Forschungsgruppen in den fiereicheo der Protein-, Zell- und 
Molekularbiologie, Sat Anting September J 999 bin ich «U Gtstprofcssar an der Universitit 
Yale tarig. Meine gegeowfrugen Forschungsprojekie betreffen von pro-inflamoutorischen 
Cyiokinen wie zuro Beispid TNFd oder Lyxnpbotoxjo {geroeinsam a}* 'TNF' bexcichoet) 
vermittelte interzelluliire Korornunikadon, die voo den zeJIullren Rezeptoren dieser Cytokine 
akrivienen intrazellulSren Signaltransduftions-Mechantsnien, und die durch sotehe Prozcsse 
im Rahmen von EoUunduogsphaenomenen ausgeJfiste organoide Transformation von 
tcrtttren Jyrophoidcn Gcweben. Im weitcren befasse ich mich mit der Rolle von Cytokin- 
akiivierter Signaloansduktion in cognitive^ Funktionen. Diese Arbeiten stelten aomit cane 
Weiterfuhrung der bei Hofrmann-LaRoche verfoigten wissenschafdichen Interessen dar. 
Ein Teii meraes Verant wortungsbereicbs bei der Hoffmann - La Roche AG urnfasste die 
Eniwicklung von Vcrfahrcn zur rekombinanten Expression und zura Reinigen ond Tcsten von 
Proteinen. wie beispietsweise den 16s lichen TNF - Rezeptoren C'sTNFR") und p75TNF - 
Rezeptor - Immunoglobulin - Fusionsproteinen Cp75sTNFR/IgCT). Diese Rezeptor- 
Fusionsproieinc warden durch die Fusion der Idslichen extttzellularen DomSne des p75TNF 
- Rezeptors, p75sTNFR, die selbst TNF bindet, mil einem Fragment der schweren Kette 
eines humanen IgG - MolekUies, das praktisch dem Fc-Teil entspricht, mit 
bioiechnologiscben Verfahren konstruicrt- 

Weiterhin bin ich einer der Miterfmder der vorJiegenden Europaischen Patenonmeldung mit 
der Anmeldcnumracr 99. J 00703 A die solche p7SsTNFR/IgG beanspnicht, Ich war sowohl an 
der Erfindung, der Herstellung und dem Tcsten dieser Fusionsproteine beteiligt. 

Gegensiand der vorliegenden eidessumJicnen ErWarung sind die im Vcrglcich zu der 
Idslichen extracellularen Dornanc des p75TNF - Rezeptors p75«TNFR iibenaschenden 
Eigenschaftcn von p75sTNFR/IgG. Zum Zeitpunkt, to dem p75sTNFR/IgG erstmals 
konstruiert, exprimicrt und gecestet wurde, gab es VorsteUungen fiber die rftumliche Struktur 
von TNFa. In dem betreffenden Proteinkristall lag TNFaals Trimer vor und cs wurdc 
veimutet. dass dies niche allein eine Folge der Kristaliisierung war, sondem das* das TNFa- 
Trimer auch die biologisch alcove Form ist Die rfluralichc Geometric der Rczeptor- 
Bindungsstelle war jedoch unbekannL Es ware durchaus moglich gewesen, dass die Fusion 
mit IgG - Fragmenien ein rauxnliches Gebilde geschaffen hatte, das wphi TNF- 
Rezeptorscquenzen en thai ten hStie, das aber wegen seiner raumiichen Struktur TNFa 
iibertiaupc nicht binden komHe. 

Die rasche Elimination und darter kutze Halbwcruzeit von p75sTNFR in vivo machte jedoch 
cine Vergrosserung des MolekuJs unerJasslich. Es ist nicht auszuschliessen , d as s man sogar 
eine gewisse Einbusse an Bindungsakrivitat in ICauf genommen harte, urn nur eine langere 
Ha/bwcrtszcit und BiovcrfOgbarkcit zu erreichen. Ueberraschend zeigtc das Fosionskoiutrukt 
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jedoch «ogar cine schr gate BindungsalctividUL Zudcxn fand sich arte onerwanet habere 
Itinctuche Scabi Jicfti, und cioc Gberraschcnd bessere Inhibterurig der Wirkung voo TNFct in 
biologischea Zelfkuloir-Testen. 



Die habere kinetische Stability von p75sTNFR/IgG fcUst sich durch den foSgenden Versuch I 
(siehc Rgur) vcranschauiicben: p75sTHFrVIgG und p75sTOFR werden in separacen 
RcshioDsgcfasscfl mh radioaktivcm TNFd inkubiett, sodass die jewciljgen ruolckularcn 
Spexies im Komplex mil markiertem TNFa voriiegen. Oiese Kamplexe werden sodann in 
neue LOsongen uberfUhn, die cincn Uebcrschass ao ttnmaridertem TNFa eathaJten. Wie 
aUgemein in jeder Bindungsstndie wurde anch hicr gcrunden. diss TNFa mit eincr filr den 
jcweiligen ReaJaionsparmer spezifiscfaen Kinetik an p75sTNFR/IgG und p75sTNFR andockf 
und wieder dissoziieru In aeirabhangiger Weise wurde nun die Aiistauschrate von kalzern 
TNFa mit dern jeweils an p75sTOFR/lgG und p75sTNER gebundenen markicrteri TNFd 
besu'mmL Eine genaue Beschrefoung der experimeniellen Technik dieses Vctsuches wird im 
Annex gegeben. Die Ergebnissc dieser Experiments *ind in der fotgenden Fignr dargcstcllt. In 
dieser ist auf der waagiechterj Achse die Zeit in Stunden and auf der tenkrechten Achse der 
AnreiJ an spczifisch gebundenen radioakti v marfcieneni TNFa in % angegeberu Nichtgcfillltc 
Drciecke sichen nirp75sTNFR und gcftlllie Drciecke scehen fur p75sTNFR/IgG. 



100 
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Dieser Figur kann man klar entaehmen, dass am von der Versuchsanordnung hex fruhest 
moglichen ersten Messieitpunkt, d.h. nacb etwa secfas Minuten, das gesamte an p75$T>TFR 
gebundene TNFa be rc its vollsiflndig ausgctauschi worden war. Hinge gen waren bci 
p75sTNFR/TgG zu diesem Zeitpunkt erst etwt die Halfte der markierten TNFa Kfob-kfllc 
ausgcuuschi worden. Dies bedeutet, dass TNFa mit emcr weseotiich Jangsaroercn JGnerik 
von p75TNFR/lgG dissoziien a)s von p75sTNFR. Damii wird die Wirkung von TNFa durch 
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p75sTNFR/lgG wescntltch besser neutral isiert als durch p75sTNFR, da das freigewordene 
TNFa wteder biologische Aktivitft cntfaJten kaniu Oiese Etgenschaft Ifisst das 
p7$$TNFWlgG Fusionskonsmiki ganz urubMngig von der durcb die Vcrgrfeserung des 
MolekOles bedingten langsameren Elimination in vivo als potentcres pttarmakotogisches 
Agens erschdneo. 

Dicsc unvorfaerschbarc Eigcnschaft korre! ten audi nit diner unerwartet besseren Wubicrunc 
der Wirkung von TNF durch p75sTNFR/fgG gegenOber p75sTNFR, vac der fedgende 
Versuch U (siehe Tabelle) verdaitJicht Dabct handelr cs aich urn ctnen Versuch in ZelJkuluir 
mit weissen, sog. roononukJeireo Bluoellen, die aus humanen Blut isoliert worden wareo. 
Diese 2ellen lassen stch in Kulcur dutch Bchandlung tnh roicogenen Substanzen zur 
Proliferation idrauHcren, die dadurch zu Stande Irommt, dass etnzelne Zellgroppen m der 
Kulcur durch die Mkogen-Behandlung ausgel&st aekundar Wachs turns faktoreo produzieren 
und in das Kulcurmcdium abgeben. Der beleanmesie dieser WachstumsfaJctorcn ist das 
wohlbektnnte Interleukin-2. Dancben hat es sich gerade durcb Untersuchungco, die durch die 
Verfugbarfceit von Rcagentien wie p75sTNFR/IgG und p75c'TOFR ermSglicht wurden, 
geacigt, dass unier andercm auch TNF in den spiltercn Phasen solcher Kulrurcn erne 
zellwaefastuirefordernde AkdvitSt cutfaliet Die Eigenschaft von p75sTNFR/IgG und von 
p75sTNFR, TNF zu binden und zu neutral isieren. crlaubt nun, diese proliferative Akrivitat 
von TNF zu inhibiercn. Das Ergebnis cines derarugen Versuchs ist in der uoteostehcaden 
Tabelle festgchalten. In dicsero Versuch wurdc die ZcUprolifcration durch den Einbau der 
radioaktiv marfcienen Vorstufc Thymidin in die zellulare DNA gemessen (siehe Annex). 



Verwcndcte Konstrukte Inhibierung des Einbous von 

Deuterium - Thvmidin ( T* n 7) 

p75sTNFR 68 % 

p75sTNFR/IgG 86 % 



Aus dieser TabelJe isi klar ersicbdich, dass das Fusionsprotein p75sTKFR0gG gegenGber der 
loslichen extrazeliularen Dom5ne p75sTNFR eine ueberrascnend bessere Neuirilisicrung der 
TNF Akiiviiat , <Lh. der Proliferation der Blut- Zcllen in Kultur, bewirki. 

Eine derart potentere neutraJisicrende Wirkung ist in pathologischen Zustfnden, die durch zu 
starke TNFa Frcisctzung mitvemrxacfat werden, sehr erwunscht Es ist hier wichtig, daran zu 
eruinera dass TNFa 2 war in vie lea pstbologischea Zustanden ein wichxiger Fakior der 
Winsabwehr ist und damir tiir den Organismus eine wichrige posirivc Funkrion hat TNFa hac 
jedoch ein Janus-Gestcht, und enrfaltet in andcren Situational - sci es durch zu starke 
Expression, Expression am falschen On, oder zur falschen Zeit - kronkmachende Wtrfcungen. 
Da man bereirs zum Zeirpunkc der voriiegenden Anrneldung annahxn, dass bei einer Reihe 
von Krankheiten. wie bespielsweise der rheumathoiden Arthritis, TNFa in der Enisrehung der 
EnuUndung und in der Gewebs-Zerst fining in den Gelenken eine Rolfe als krankinachender 
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Mediator rpielt, soil ten Substanzen wdche die Wirkung von TNFd iniubieren audi bd der 
Behandlung soldier Kraakheiten ait pharmazeutisch wirksame Substanzen ctnseabar sein, 
Diese GedankengSnfie haben spacer durch die ctfolgrcichc EinfUhrung eines p7S*TNFR4gG 
Praparates in die Therapie dcr riieumatoideo Arthritis ihre voile Bcstlrigung gefundea. 
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Verguchfc 

Man inkubien M^gta! des p75«TNFR/IgG bzw. 0.75 Hg/ml des P 75sTNFR in lmj 
Pbosphat- gepufferter Kochsalzlftsung rPBS w enthaJtend ] % foetaies K&lbersemzn) mit 
25ngfal 1 I-markiertcrn TNFo, das in seiner Rezcp(or-B indung von urunaricienem TNFa 
nicht zu uncerscheiden war. Zurn Zeitpunlct Null seat roan dann einen 1000-fachen 
Ucbcrschuss luchnnarkiertes TNFa dazu und cntnixnmt zu vezschiedencn Zeitpunktco jeweils 
kleine Proben von 6Qpl. Diese Proben gibi man in Miilipore 0.22/i MC FiJtercinbeicen die 
bereits 20jil ciner S0%igcu Suspension von 'Protein G Scpharose 4 Fast Flow Beads* 
rSepharose-Kugdn")in PBS xnit 1 % fbtaiem KSlberserum enchalten. Darait p75sTNFR/lgG 
bzw. p75sTNFR an die Scpharose Kugei binden kOnnen, wurden diese mil cincm gcgen den 
TNF-Rezcptor gerichteten Anukorper vorbeschichcet (lmg Anukorper/ mi Sepharose- 
Kugeln). Nach Inkubation wahrend 4 min. unter SchGttdn wurden die Filtradonseinheicea 
zentrirugiert (13000 rpm, 30 sek.), und damit das ungcbundcncTNFd abgecrenot, wahrend das 
an p75sTNFR-JgG bzw. p75sTNFR gebundene TNFa auf den Scpharosc-Kugem baften 
blieb. Daxnit wurde es mSglich, die am jewefligen Zciipunkl noch am p75sTNFR-JgG und 
p75sTNFR gebundene Menge von radioaktiv markicncni TNFa zu messen. Nicht-spezifische 
Btndung wurde in dcrselbcn Wcisc in Abwesenbeit von p75sTNFR/JgG bzw. p75sTNFR 
besdmniL ]O0^&ige Bindung wurde in Abwescnheic von nicfianarkiencm TNFa bcsiimmt 
Die Versuche wurcfen bei 25°C durchgeftihrx. 



Vereuch II 

MononufeleSre Zellen warden a us friscbern venosen Human- Blut von gesunden Speadern 
rnitteis eines FicoII Paque- Dichiegradienien (Pharmacia, Uppsala, Sen wed en) in cinem 
Zitratpuffer isohen. Dicse weissen Blue - Zeilen wurden zweiroai mit einer Pnosphai- 
gepufferten Kochsalziosung gewaschen und bei einer Dichte von 1.0 x JO 6 ZcUen/mJ in RPMI 
1640 KoJtunnediuni, das mil 10%igem hiaeinakdvierten fotalen KJUbcrscruai, J 00 
Einheiten/mJ Peni2iHin, lOOMg/ml Streptomycin und 2raM Glutarnin supplcmenriert worden 
war, kuJcivien. Fur den Proiifcrauonsiest wurden die Zeiien in FUchbodenmikrodterplaaen 
(NUNOON 1-<S7008: RoskJIde, Danemark) in lOQuJ Medium kulrivjen. Die Zellen wurden. 
mit Phytohaemagg|urinin(WcIlcome, Dartford, England) bei zuvor besornmten opdmalen 
Konzcntrationen im Berxich von 0.5 bis 1.5 u.g/ml somuiiett Zum Staraeitpunfct der Kultur 
(Tag 0) wurde p75sTNFR/IgG bzw p75sTNFR bis zu eine Konzencraoon von lO^g/ml 
zugegeben. Das Kultunnediurn wurde nach 3, 4 und 6 Tagcn aufgefrischt. Die 
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Zcflprolifcratfoo wurde nacfa 7 Tagca gemessen. wobd <fea Kultunw sechs Stuadca vor dem 
Eraten mil cinem LiCB Zcllentfer I|iCMailtiir McAyWH-Thymidin (ImO/bil Amentum, 
Buckinhanuhirc, England) zugcseizt wucde. Die in die Zelieo cingebaute Kadioaktivitttt 
wurde in cioem Bctoplatten^lOsdg Szino*IJAdoos2ShIer (Pharmacia. Uppsala, Scfaweden) 
gcrae«sen. Die daxgesccUcen Werte itellea den Mind wen von drei Kulcureo dar. 
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Affidavit 

I, Werner Lesslauer M.D., Ph.D., Private Lecturer, presently Visiting Professor at the Yale 
University School of Medicine, Dept. Epidemiology & Public Health and Immunobiology, 60 
College Street, New Haven, CT 06520-8034, USA, hereby file an affidavit in lieu of an oath: 

From 1987 to the end of June of 1999, 1 was working in the Biology Departments of the Central 
Research Unit and the Research Department, Central Nervous System, of Hoffmann-LaRoche 
AG in Basel (Switzerland); toward the end of my activity, I worked as scientific expert and was 
responsible for the management of different research groups in the fields of protein, cell and 
molecular biology. At the beginning of September 1999, 1 began my work as a Visiting Professor 
at Yale University. My current research projects relate to the intercellular communication 
mediated by pro-inflammatory cytokines, such as TNFa or lymphotoxin (jointly called "TNF"), 
the intracellular signal transduction mechanisms activated by the cellular receptor of these 
cytokines, and the organoid transformation of tertiary lymphoid tissue triggered by such 
processes in the context of inflammatory phenomena. In addition, I am also working on the role 
of cytokine-activated signal transduction in cognitive functions. Thus, my current research 
extends the scientific interests I pursued at Hoffmann-LaRoche. As part of my responsibilities at 
HoffinannLaRoche AG, I worked on the development of methods for the recombinant 
expression and for the purification and testing of proteins, such as the soluble TNF receptors 
("sTNFR") and p75TNF receptor immunoglobulin fusion proteins ("p75sTNFR/IgG"). These 
receptor fusion proteins were constructed by means of the fusion of the soluble extracellular 
domain of the p75TNF receptor, p75sTNFR, which itself bind TNF, and a fragment of the heavy 
chain of a human IgG molecule which practically corresponds to the Fc portion, using 
biotechnological methods. 

I am also one of the co-inventors of the present European Patent Application with the 
Application Number 99.100703.0 which claims such p75sTNFR / IgGs. I participated both in the 
invention and in the production and testing of these fusion proteins. 

The subject matter of the present affidavit in lieu of an oath concerns the properties of p75s 
TNFR / IgG which are surprising when comparing them to those of the soluble extracellular 
domain of the p75TNF receptor, p75sTNFR. At the time when p75sTNFR / IgG was first 
constructed, expressed, and tested, knowledge of the spatial structure of TNFa was available. In 
the relevant protein crystal, TNFa was present in the form of a trimer, and it was 
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hypothesized that this was not only a result of the crystallization but that instead, the TNFa 
trimer is the biologically active form as well. But the spatial geometry of the receptor binding 
site was unknown. Thus, it could have been possible that the fusion with IgG fragments created a 
spatial structure that would have contained TNF receptor sequences but which, due to its spatial 
structure, was completely unable to bind TNFa. 

The rapid elimination and thus the short half-life of p75sTNFRJnviyo, however, made it 
imperative to enlarge the molecule. It cannot be excluded that there might even have been a 
willingness to accept a certain decrease of the binding activity only to obtain a longer half-life 
and greater bioavailability. Surprisingly, however, the fusion construct obtained even had an 
excellent binding activity. In addition, an unexpectedly higher kinetic stability and a surprisingly 
improved inhibition of the effect of TNF in biological cell culture tests were discovered as well. 

The higher kinetic stability of p75sTNFR / IgG can be illustrated on the basis of the following 
experiment I (see figure): In separate reaction vessels, p75sTNFR / IgG and p75s TNFR are 
incubated with radioactively labeled TNFa so that the respective molecular species are present in 
the complex with labeled TNFa. These complexes are subsequently transferred into new 
solutions which contain an excess of unlabeled TNFa. As is generally the case in any binding 
study, it was found here as well that TNFa binds to and dissociates itself from p75sTNFR / IgG 
and p75sTNFR with kinetics specific to the respective reaction participant. Next, the exchange 
rate of cold TNFa with the labeled TNFa bound to P 75sTNFR / IgG and p75sTNFR was 
determined as a function of time. A detailed description of the experimental technique of this test 
can be found in the appendix. The results of these experiments are illustrated in the figure below. 
In this figure, the time in hours is plotted on the horizontal axis, and the percentage of 
specifically bound radioactively labeled TNFa in % is plotted on the vertical axis. Unfilled 
triangles stand for p75sTNFR and filled triangles stand for p75sTNFR / IgG. 
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This figure indicates very clearly that, based on the experimental set-up, at the earliest possible 
first time of taking a reading, i.e., after approximately six minutes, the labeled TNFa bound to 
p75sTNFR had been completely exchanged. For p75sTNFR / IgG, on the other hand, at that 
point in time, only approximately half of the labeled TNFa molecules had been exchanged. This 
means that TNFa dissociated with considerably slower kinetics from p75TNFR / IgG than it 
does from p75sTNFR. Thus, the effect of TNFa is considerably better neutralized by p75sTNFR 
/ IgG than by p75sTNFR, since the liberated TNFa, is able to become biologically active again. 
This property, quite apart from the elimination in vivo which is slower as a result of the 
enlargement of the molecule, makes the p75sTNFR / IgG fusion construct a more potent 
pharmacological agent. 

As experiment II below (see table) illustrates, this unforeseeable property also correlates with an 
unexpectedly superior inhibition of the effect of TNF by p75sTNFR / IgG as compared to 
p75sTNFR. This test is carried out in a cell culture with white, so-called mononuclear, blood 
cells which had been isolated from human blood. In culture, these cells can be made to 
proliferate by treating them with mitogenic substances, which proliferation is propagated by the 
fact that individual cell groups in the culture produce growth factors which are secondarily 
triggered by the mitogen treatment and which are released into the culture medium. The best 
known of these growth factors is the well-known interleukin-2. In addition, tests which were 
made possible because of the availability of reagents, such as p75sTNFR / IgG and p75sTNFR, 
had shown that, among other things, TNF also develops a cell growth-promoting activity in the 
later phases of such cultures. The property of p75sTNFR / IgG and of p75sTNFR to bind and 
neutralize TNF makes it possible to inhibit this proliferative activity of TNF. The result of such a 
test is summarized in the table below. In this test, the cell proliferation was measured by 
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incorporation of the radioactively labeled precursor thymidine into the cellular DNA (see 
Annex). 

Construct Used Inhibition of the incorporated 

3 H-Thvmidine fdav 7> 

P 75sTNFR 68% 

p75 sTNFR / IgG 86 °/«> 



o 



This table illustrates clearly that compared to the soluble extracellular domain p75sTNFR, the 
fusion protein p75sTNFR / IgG causes a surprisingly superior neutralization of the TNF activity, 
i.e., the proliferation of the blood cells in culture. 

This more highly potent neutralizing effect is very desirable in pathological conditions that are 
caused by an excessively high TNFa release. In this context, it is important to keep in mind that, 
although in many pathological conditions TNFa is an important factor of the host's defense and 
thus plays an important positive role within the organism, TNFa has two faces and, in different 
situations, develops effects that cause disease - either by an excessively high expression, or an 
expression in the wrong site or at the wrong time. Since it was assumed as early as at the time of 
the present application that in a number of diseases, such as rheumatoid arthritis, TNFa plays a 
role as a disease-causing mediator in the development of the inflammation and in the destruction 
of the tissue in the joints, the next step was to assume that it should be possible to use substances 
that inhibit the effect of TNFa as pharmaceutically effective substances in the treatment of such 
diseases. Later on, these hypotheses were fully corroborated when a p75sTNFR-Ig/G preparation 
was successfully introduced into the therapy of rheumatoid arthritis. 

A ppendix 
Experiment I : 

1 4 ug / mL of p75TNFR / IgG and 0.75 ug / mL of P 75sTNFR were separately incubated in 1 
mL of phosphate-buffered physiological saline solution ("PBS" containing 1% fetal calf serum) 
with 25 ng / mL ,25 I-labeled, TNFa which, with respect to its receptor binding property, was not 
distinguishable from unlabeled TNFa. At time zero, a 1000-fold excess of unlabeled TNFa was 
added, and small samples of 60 uL were taken at different times. These samples were placed into 
Millipore 0.22 u MC filter units which already contained 20 uL of a 50% suspension of Trotein 
G Sepharose 4 Fast Flow Beads' ("sepharose beads") in PBS with 1% fetal calf serum. To ensure 
that p75sTNFR / IgG and p75sTNFR can bind to the sepharose beads, these beads had been 
coated earlier with an antibody directed against the TNF receptor (1 mg of antibody / mL of 
sepharose beads). After an incubation time of 4 min with shaking, the filtration units were 
centrifuged (13000 rpm, 30 sec), thus separating the unbound TNFa, while the TNFa bound to 
p75sTNFR-IgG and p75s TNFR adhered to the sepharose beads. This made it possible to 
measure the quantity of radioactively labeled TNFa that was still bound to p75sTNFR-IgG and 
p75sTNFR at a given time. Nonspecific binding was determined in the same manner in the 
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absence of p75s TNFR / IgG and p75sTNFR. 100% binding was determined in the absence of 
unlabeled TNFa. The experiments were carried out at 25°C. 

F.xperiment II: 

Mononuclear cells were isolated from fresh venous human blood of healthy donors by means of 
a Ficoll Paque density gradient separator (Pharmacia, Uppsala, Sweden) in a citrate buffer. These 
white blood cells were washed twice with a phosphate-buffered physiological saline solution and 
cultured at a density of 1 .0 x 10 6 cells / mL in RPMI 1 640 culture medium which had been 
supplemented with 1 0% heat-inactivated fetal calf serum, 100 units / mL penicillin, 100 ug / mL 
streptomycin, and 2 mM glutamine. For the proliferation test, the cells were cultured in flat 
bottom microtiter plates (NUNCLON 1-67008; Roskilde, Denmark) in 100 uL medium. The 
cells were stimulated with phytohemagglutinin (Wellcome, Dartford, England) at previously 
determined optimum concentrations in a range from 0.5 to 1.5 ug / mL. At the time the culture 
was started (day 0), p75sTNFR / IgG and p75sTNFR, respectively, up to a concentration of 10 
ug / mL were added. The culture medium was renewed after 3, 4, and 6 days. The cell 
proliferation was measured after 7 days; 6 hours prior to harvesting with the LKB cell harvester, 
1 uCi of methyl- 3 H-thymidine (1 mCi / ml, Amersham, Buckinghamshire, England) per culture 
was added. The radioactivity incorporated into the cells was measured in a betaplate liquid 
scintillation counter (Pharmacia, Uppsala, Sweden). The values recorded are the mean value of 
three cultures. 

[handwritten:] 

New Haven, October 8, 2001 [signature of W. Lesslauerl 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In rc Patent Application of: 
Brockhaus et al. 



Application No.: 08/444,790 



Art Unit: 1646 



Filed:May 19, 1995 



Examiner Z. Howard 



For: HUMAN TNF RECEPTOR 



THIRD DECLARATION OF PR - WERNER LESSLAUER UNDER 33 U.S.C » U32 



I, Dr. Werner Lesslauer, hereby declare as follows that: 

1 . I am a named co-inventor of the above-referenced application, which claims 
priority of a U.S. application filed on September 10, 1990. At the time the patent application 
was filed, I was a staff scientist at F. Hoffinann-LaRoche AG in Basel, Switzerland (Roche). 

2. I have recently re-reviewed the text of the above-referenced application* 

3. The activities described in paragraph 4 below were carried out in our 
laboratories at Roche at my request, and i have reviewed laboratory notebooks describing die 
activities described in paragraphs 4 and 5 below. 

4. A DNA construct designated N227 containing DNA sequence which includes 
sequence encoding the signal sequence and the extracellular domain of human p75 tumor 
necrosis factor receptor (TNFR) was constructed on a date before September 10, 1990. 

5. Amplified copies of the N227 construct were made and samples were stored in 
a freezer at Roche in a container labeled with the N227 designation. 
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6* 1 have been informed that a sample from this container was shipped to Amgen, 
Inc. Seattle, WA and thai Amgen, Inc. deposited an amplified copy of this DNA construct 
with the American Type Culture Collection on October 1 7, 2006 under Accession No. PTA- 



7. The DNA sequence within construct N227 is a DNA sequence identified in the 
above-referenced application at page 10, line 34. 

8. I further declare that all statements made herein of my own knowledge axe 
true, that all statements made on information and belief are believed to be true* and thai these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both (18 U.S.C. § 1001), and may jeopardize the 
validity of the application or any patent issuing thereon. 



7942, 



Dated: 




Dr. Werner Lessiauer 



Docket No.: 9189 (A-947B) 
01017/40451) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Brockhaus et al. 

Application No.: 08/444,790 Art Unit: 1646 

Filed: May 19, 1995 Examiner: Z. Howard 

For: HUMAN TNF RECEPTOR 

DECLARATION OF STEWART LYMAN. PH.D. UNDER 37 C.F.R 1.132 

1. I received a Ph.D. in Oncology from the McArdle Laboratory for Cancer Research 
at the University of Wisconsin-Madison in 1984. I did postdoctoral research at 
the Fred Hutchinson Cancer Research Center in Seattle, and joined Immunex 
Corporation as a molecular biologist in 1988. I was a scientist at Immunex 
Corporation for 14 years, eventually becoming Director of Extramural Research. 
After Amgen acquired Immunex in 2002, 1 stayed on and worked for Amgen for 
three months in a transitional role. Since 2004, 1 have managed my own 
consulting business, and I am being compensated for my time consulting on this 
matter at my usual hourly rate. I also own 100 shares of Amgen stock. My 
Curriculum Vitae is attached as Exhibit A. 

2. I have reviewed the above-identified application as originally filed. I have also 
reviewed the presently pending claims, attached as Exhibit B. I have been 
informed that the effective filing date of the above-identified application is 
September 10, 1990. 

3. I have been informed that the Patent Office has rejected the claims as failing to 
comply with the written description requirement, in an Office Action dated 
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February 23, 2007. I have reviewed pages 8-13 of the Office Action and make 
this declaration to address the issues raised by the statements reproduced in 
Exhibit C. 

4. I have been informed that the standard for satisfying the written description 
requirement is that one skilled in the art, upon reading the specification, would 
recognize that the inventors had possession of the invention that is claimed. In 
addition, I have been informed that "possession" does not necessarily mean that 
they had actually made the invention, but that they had a complete idea of the 
invention and provided a description of it that could be understood by one of skill 
in the art. 

5. I believe that I am qualified by my education and training to attest to what one 
skilled in the art would have understood from reading the application as of 
September 10, 1990. In 1990, 1 was well experienced in the molecular biology of 
type I transmembrane receptors. Type I transmembrane receptors have an amino 
terminal extracellular region followed by a transmembrane domain and then an 
intracellular or cytoplasmic domain. Thus, it is the amino, rather than the 
carboxy, end of a type I transmembrane receptor that is exposed on the surface of 
a cell. For example, we had recently cloned and expressed the c-kit tyrosine 
kinase receptor protein, a type I transmembrane receptor (Williams et al., Cell, 
63:167-174, 1990). In addition, I had worked on elucidating the relationship 
between the IL-4 receptor (also a type I transmembrane receptor) and other 
cytokine receptors. (Cosman et al., Trends in Biol. Sci. 15:265-270, 1990) The 
extracellular, ligand-binding domain of the IL-4 receptor showed homology to 
several other cytokine receptors. This homology allowed us to define a new class 
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of cytokine receptors. Starting in 1988, 1 also initiated a project at Immunex that 
resulted in the cloning of a number of cell surface receptors and their ligands. 
During the course of this work, I had occasion to make DNA constructs encoding 
soluble forms of type I transmembrane receptors as well as insoluble chimeric 
receptors containing the extracellular domain of one receptor fused to the 
transmembrane and cytoplasmic domains of a different receptor. 

6. I note the following points as background to the discussion below. I read the 
application as being concerned with two tumor necrosis factor binding proteins 
("TNF-BP"), one about 55kd in size and one about 75kd in size. The 
application's discussion of these two TNF binding proteins is consistent with 
what was known in the art as of September 10, 1990, i.e. that there were two 
membrane bound TNF receptors (TNFR) of approximately these sizes. The 
former is also variously referenced in the literature as TNFR I, 55 kd TNFR, or 
p55 TNFR. The latter is also variously referenced in the literature as TNFR II, 75 
kd TNFR, or p80 TNFR. 

7. Both of these receptors are type I transmembrane receptors. This is confirmed by 
the description in the application, which describes both of these TNF receptors as 
membrane-bound, meaning that they are anchored in the cell membrane. Each 
receptor contains an extracellular region, a transmembrane region, and an 
intracellular region. Figure 1 of the application displays the complete nucleotide 
and amino acid sequence of the 55 kd TNFR and also identifies its extracellular 
region (amino acids -28 to 182, corresponding to nucleotides 0 to 633), / / 
transmembrane region (amino acids 182-201) and cKtracollular region (amino 
acids 202-426). Figure 4 of the application displays a partial nucleotide and 
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amino acid sequence corresponding to the p75 TNFR. The membrane-bound 

nature of the TNF binding proteins and their potential truncation into soluble 

fragments is described in the application at page 7, lines 13-16, which states: 

In more detail, the proteins of the present invention are non- 
soluble proteins, i.e. for example membrane proteins or so- 
called receptors, and soluble or non-soluble fragments thereof, 
which bind TNF (TNF-BP) . . . 

8. One of skill in the art as of September 10, 1990 would have understood that the 
application used the term "soluble fragment" to mean a fragment of the full length 
receptor missing the intracellular and transmembrane regions. See, for example, 
the explanation of "soluble" as meaning "non-membrane bound" at page 3, 

lines 14-16 of the application: ("Moreover, the TNF-binding proteins described 
in the state of the art are soluble, i.e. non-membrane bound, TNF-BP. . ."). Thus, 
the term "soluble fragment" refers to the extracellular domain of a TNF receptor 
or fragments of this domain. For most, if not all, type I receptors that I was aware 
of as of 1990, the extracellular domain is the ligand-binding portion of the 
protein. Thus, one of skill in the art would have expected that the extracellular 
region of TNFR would bind to TNF. 

9. The application's use of the term "soluble fragment" is consistent with how the 
term was used in the art at the time. For example, see Deen et al. Nature 
331(6151):82-84, 1988. Deen et al showed that introducing a termination codon 
at the boundary between the sequence encoding the extracellular domain and the 
transmembrane domain would result in a soluble form of the CD4 receptor 
protein. This extracellular domain of CD4 was secreted from transfected cells 
into the cell culture, and could inhibit binding of HTV to CD4+ T cells (see 
Figure 3 of Deen et aL). 
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10. Anyone skilled in the art at the time would also have known that the application 

contemplated the extracellular region of the TNF binding protein as a particular, 

specifically described example of a soluble fragment. This fact is clearly 

conveyed by the following statements from the application: 

DNA sequences which code for soluble protein fragments are, 
for example, those which extend from nucleotide -185 to 633 or 
from nucleotide -14 to 633 of the sequence given in Figure 1. 
(page 10, line 19-23) [emphasis added] 

In fact, "nucleotide -14 to 633 of the sequence given in Figure 1" 

is a sequence which encodes the entire extracellular domain_of p55 

TNFR, including the signal sequence (as well as some additional 

upstream nucleotide sequence). 

A DNA fragment which contained only the cDNA coding for 
the extracellular part of the 55 kD TNF-BP (amino acids -28 
to 182 according to FIG. 1) was obtained by PCR 
technology . . . (page 37, lines 14-18) [emphasis added] 

Analogously to the procedure described in Example 9, the 
cDNA fragment coding for the extracellular region of the 
55 kDa TNF-BP was amplified in a polymerase chain 
reaction, . . . (page 42, lines 5-8) [emphasis added] 

11. One of skill in the art at the time would have understood the following statement 
in the application (at page 3, line 35 through page 4, line 3) to be describing 
fusions of a "soluble fragment" of a TNF binding protein (either the 55 kd or 

75 kd TNF receptor) to the portions of the heavy chain of human immunoglobulin 

described below: 

This invention comprises DNA sequences which combine two 
partial DNA sequences, one sequence encoding soluble 
fragments of TNF binding proteins and the other partial 
sequence encoding all domains except the first domain of the 
constant region of the heavy chain of human immunoglobulin 
IgG, IgA, IgM, or IgE, and the recombinant proteins encoded 
by these sequences. 
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12. One of skill in the art at the time would also have known that the application 
contemplated the extracellular region of the TNF binding protein as a particular, 
specifically described example of a soluble fragment to be fused to a portion of 
an immunoglobulin. This fact would have been clearly understood from reading 
the entirety of the application, especially Example 11, which describes amplifying 
the cDNA fragment coding for the extracellular region of the 55 kd TNFR and 
ligating this cDNA fragment to a pCD4-Hy3 vector (which is described at page 
17, lines 18-31 as containing DNA encoding an immunoglobulin fragment 
consisting of all domains except the first domain of the constant region of the 
heavy chain): 

. . the cDN A fragment coding for the extracellular region of 
the 55 kDa TNF-BP was amplified in a polymerase chain 
reaction. . . This cDNA fragment was ligated in the pCD4-Hy3 
vector [DSM 5523; European Patent Application 
No. 90107393.2; Japanese Patent Application No. 108967/90; 
U.S. patent application Ser. No. 510773/90] from which the 
CD4-cDNA had been removed via the SstI restriction cleavage 
sites, (page 42, lines 6-25) ] [emphasis added] 

13. I disagree with the Office Action's statements at pages 8 and 9 that: 

While the sequence of the entire extracellular domain of the 
75kD TNF receptor was publicly available in the references of 
Smith (1990) and Dembic (1990) at the time of filing of the 
instant application, there is no description in the instant 
specification of these specific full-length sequences, or any 
description that suggests using these full-length sequences in 
the claimed fusion proteins, [pages 8-9 of Office Action] 

While I would agree that the full length amino acid sequence disclosed in Smith 
(1990) or Dembic (1990) is not reproduced amino acid by amino acid, there is a 
description in the application of using_fragments of such full length sequences in 
fusion proteins. 
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On the basis of the thus-determined sequences and of the already 
known sequences for certain receptors, those partial sequences 
which code for soluble TNF-BP fragments can be determined and 
cut out from the complete sequence using known methods [42]. 
[emphasis added] 

Specification, page 14, lines 32-36. This language, coupled with the citation of 
the Smith reference within the specification, shows that the inventors were aware 
of the published sequence of p75 TNFR and intended to use TNF-binding 
fragments of such known sequences in practicing their invention. 

14. I strongly disagree with the following statement at page 10 of the Office Action: 

Applicants 5 disclosure at the time of filing would not have lead 
the skilled artisan to the particular species of fusion protein 
comprising the entire extracellular domain found in Smith, 
[page 10 of Office Action] 

Using the entire extracellular domain of a known and referenced type I 
transmembrane receptor protein is exactly what the disclosure would lead the 
skilled artisan to do. 

15. There is a description in the application of the specific full length sequence of the 
75 kD TNFR. The citation to the Smith (1990) article at page 10, lines 9-10 of 
the application indicates that the Applicants knew of the Smith (1990) article 
when they drafted the application. 

16. As of September 10, 1990 one of skill in the art would look to publications, such 

as the Smith (1990) article, to complete the sequences of partial cDNAs. In fact, I 

cannot imagine anyone of skill in the art ignoring publicly available sequence, 

and refusing to take advantage of it to complete a partial cDNA sequence. It is 

disclosed in the application (page 35, lines 22-33) that Figure 4 is a partial cDNA 

sequence. Since the amino acid sequence of Figure 4 is almost identical (almost 

99% identical) to that of Smith, it would be clear to one of skill in the art that the 
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protein represented by the Figure 4 sequence was the same protein described in 
Smith. Attached as Exhibit D is an alignment of the Figure 4 sequence with the 
complete sequence of p75 TNFR to illustrate this point. Further, the disclosure 
(page 33, lines 7-19) of the following 18-mer as the amino terminal peptide of 
p75 was also consistent with this conclusion: 

I^u-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu-Pro-Gly-Ser-Thr-Cys. 

17. For the reasons stated above in paragraphs 6-16, there is a description in the 

application of using the entire extracellular region of a TNFR, including the 75 kd 

TNFR, in the claimed fusion proteins. Although the working examples exemplify 

a fusion protein comprising the entire extracellular region of the 55 kd TNFR, it is 

readily apparent that the application's description applies equally to the 75 kd 

TNFR. As the application states: 

Since the invention has been described hereinbefore in general terms, the 
following Examples are intended to illustrate details of the invention, but 
they are not intended to limit its scope in any manner. 

Specification, page 20, lines 27-30. Put another way, it would be unreasonable to 
conclude that this description of soluble fragments of TNF binding proteins 
applied only to the 55 kd TNFR and not the 75 kd TNFR. Thus, the application 
clearly contemplated that one example of a fusion protein contained the entire 
extracellular region of the 75 kd TNFR and a portion of an immunoglobulin. 

18. Upon reading the application as of September 10, 1990, one of skill in the art 

would not have arrived at the same factual conclusion that the Office Action 

reached at page 9 regarding the reference to Smith. 

The phrase "such a deletion" must refer to the "deletions" recited in the 
previous sentence, which are deletions made to the nucleotide sequence of 
Figure 1 or Figure 4. Therefore, this paragraph refers solely to nucleotide 
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sequences with deletions of one or more nucleotides to the sequences given in 
Figure 1 or Figure 4, and the proteins encoded by said nucleotides. 

The stated interpretation of the reference to Smith, i.e. that Smith must disclose a 
fragment of the amino acid sequence of Figure 4, is illogical for the following 
reasons. 

19. First, the application informs the reader at page 10, lines 23-26 that the sequence 
of Figure 4 is a partial sequence, not a complete sequence (as the Office Action 
points out, Figure 4 is missing a portion of the N-terminal sequence). There is no 
soluble fragment sequence disclosed in Smith (1990) which would be a fragment 
of Figure 4. Thus, the reference to Smith (1990) cannot be referring solely to a 
sequence that is a deletion of Figure 4 because, if anything, Smith (1990) is more 
complete. Clearly, then, Smith (1990) must have been referenced for another 
reason. 

20. Second, the Office Action takes the sentences citing Smith (1990) out of the 
context of the entire paragraph. When the entirety of the paragraph is read, one 
sees that the paragraph begins with a statement indicating that this paragraph is 
describing soluble and non-soluble fragments of TNF binding proteins. Thus, one 
of skill in the art would have concluded that the citation to Smith (1990) was a 
reference to whatever soluble or non-soluble fragments of TNF binding proteins 
were described in the article. The relevant paragraph is reproduced in its entirety 
below: 

In addition thereto, the present invention is also concerned with 
DNA sequences coding for proteins and soluble or non-soluble 
fragments thereof, which bind TNF. Thereunder there are to be 
understood, for example, DNA sequences coding for non- 
soluble proteins or soluble as well as non-soluble fragments 
thereof, which bind TNF, such DNA sequences being selected 
from the following 
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(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their 
complementary strands, or those which include these 
sequences; 

(b) DNA sequences which hybridize with sequences defined 
under (a) or fragments thereof ; 

(c) DNA sequences which, because of the degeneracy of the 
genetic code, do not hybridize with sequences as defined under 
(a) and (b), but which code for polypeptides having exactly the 
same amino acid sequence. 

That is to say, the present invention embraces not only allelic 
variants, but also those DNA sequences which result from 
deletions, substitutions and additions from one or more 
nucleotides of the sequences given in FIG. 1 or FIG. 4, 
whereby in the case of the proteins coded thereby there come 
into consideration, just as before, TNF-BP. One sequence 
which results from such a deletion is described, for example, in 
Science 248, 1019-1023, (1990). 

Specification, page 9, line 19 through page 10, line 10. Despite differences 
between the sequences disclosed in the application and those in the Smith (1990) 
article, I would interpret this paragraph to mean that the Smith sequence was 
contemplated by the inventors because the Smith (1990) article is specifically 
cited. 

21. Third, one skilled in the art would have read the entire application, not just the 
quoted paragraph, in light of the disclosure of the cited Smith (1990) article. 
Thus, such a skilled person would have read all of the application's description 
relating to soluble and insoluble fragments of TNF binding proteins in light of the 
Smith (1990) article's disclosure of the entire extracellular region, the 
transmembrane region, and the intracellular region of the 75 kd TNFR, as well as 
its disclosure of an N-terminal cysteine-rich region of amino acids 1-162 that is a 
fragment of the extracellular region (see page 1020; lower right column to 
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j page^)21; upper left column and Figure 3 at page 1021). In 1990, it was common 
practice to use what is published to aid in assembling a full length sequence. 



22. For these reasons above, I disagree with the statement at page 9 of the Office 
action that: 

Therefore, the reference to Smith in the specification does not 
refer to a nucleotide sequence encoding the full-length 
extracellular domain of the receptor disclosed in Smith. 

23. Moreover, one of skill in the art would not have read the application by itself 
without reference to any other known information. Instead, such a person would 
have read the application in view of what was known in the art at the effective 
filing date. One of skill in the art would have noted that Dembic et al, Cytokine 
2(4):23 1-7, 1990, published by some of the same authors as the inventors on the 
application, disclosed the entire sequence of the mature 75 kd TNFR, which was 
the same sequence as in Smith (1990), and the same extracellular region (page 
232 to page 233, upper left column; and Figure 1 at page 232). The skilled person 
would have looked to this publication for its disclosure of the entire extracellular 
region of the 75 kd TNFR, for the reasons discussed above that the application 
references such extracellular region as a specific type of contemplated soluble 
fragment. Thus, one of skill in the art would have had no doubt that the inventors 
were in possession of the entire p75 sequence as of September 1 0, 1 990. 

24. Thus, for all of the reasons discussed above, one skilled in the art at the time 
would have understood that the application contemplated that the entire 
extracellular region of p75 TNFR was a specific example of a soluble fragment of 
a TNF binding protein. This skilled person, in reading the portions of the 
application addressing fusion proteins containing a soluble fragment of TNF 
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binding protein, would have looked to the publications at the time, including the 
Smith (1990) article cited in the application and the Dembic (1990) article 
published by the inventors, for their disclosure of the sequence of the extracellular 
region of p75 TNFR. One of skill in the art would moreover have looked to the 
publications at the time for whatever they disclosed with respect to soluble and 
insoluble fragments of p75 TNFR. If the sequence is available, of course one of 
skill at the time would have used such a sequence to construct a clone. This is 
especially the case here, where it is indicated in the specification that the Smith 
(1990) article is a source of information about soluble fragments of the TNF-BP 
that can be used, and it would be a straightforward matter to apply what is already 
available in the art. 

I further declare that all statements made herein of my own knowledge are true, 
that all statements made on information and belief are believed to be true, and that 
these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both (18 U.S.C. 
§ 1001), and may jeopardize the validity of the application or any patent issuing 
thereon. 
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EXHIBIT B 
PENDING CLAIMS 

Claims 1-61 (canceled) 

62. (previously presented) A protein comprising 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an insoluble 
human TNF receptor, wherein the insoluble human TNF receptor (i) specifically binds 
human TNF, (ii) has an apparent molecular weight of about 75 kilodaltons on a non-reducing 
SDS-polyacrylamide gel, and (iii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10); and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain of said constant region; 

wherein said protein specifically binds human TNF. 

Claims 63-101 (canceled) 

102. (previously presented) The protein of claim 62, wherein the soluble fragment 
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT (SEQ ID NO: 8). 

103. (previously presented) The protein of claim 102, wherein the soluble fragment 
further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

Claim 104 (canceled) 

105. (previously presented) The protein of claim 62, wherein said human 
immunoglobulin IgG heavy chain is IgGi. 

106. (previously presented) A protein comprising 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an insoluble 
human TNF receptor, wherein the insoluble human TNF receptor (i) specifically binds human 
TNF, (ii) has an apparent molecular weight of about 75 kilodaltons on a non-reducing SDS- 
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polyacrylamide gel, and (iii) comprises the amino acid sequences 

LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), LCAP (SEQ ID NO: 12), VFCT (SEQ ED 
NO: 8), NQPQAPGVEASGAGEA (SEQ ID NO: 9) and VPHLPAD (SEQ ID NO: 13), 

wherein the soluble fragment comprises the peptides LCAP (SEQ ED NO: 12) and 
VFCT (SEQ ID NO: 8); and 

(b) all of the domains of the constant region of a human IgGi heavy chain other 
than the first domain of the constant region; 

wherein said protein specifically binds human TNF. 

107. (previously presented) A recombinant protein encoded by a polynucleotide 
which comprises two nucleic acid subsequences, 

(a) one of said subsequences encoding a human TNF-binding soluble fragment of an 
insoluble human TNF receptor protein having an apparent molecular weight of about 75 
kilodaltons on a non-reducing SDS-polyacrylamide gel, said soluble fragment comprising a 
the amino acid sequence LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), and 

(b) the other of said subsequences encoding all of the domains of the constant region 
of the heavy chain of a human IgG immunoglobulin other than the first domain of said 
constant region, 

wherein said recombinant protein specifically binds human TNF. 
Claims 108 and 109 (canceled) 

1 10. (previously presented) The protein of claim 107, wherein the soluble fragment 
comprises the peptides LCAP (SEQ ED NO: 12) and VFCT (SEQ ID NO: 8). 

111. (previously presented ) The protein of claim 1 10 A wherein the soluble 
fragment further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

Claim 112 (canceled) 
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1 13. (previously presented) The protein of any one of claims 107, 1 10 or 1 1 1, 
wherein said human immunoglobulin heavy chain is IgGi. 

1 14. (previously presented) A pharmaceutical composition comprising the 
recombinant protein of any of claims 62, 107, 134 or 135 and a pharmaceutically acceptable 
carrier material. 

Claims 115-118 (canceled) 

1 19. (previously presented) The protein of claim 62, wherein the protein is 
purified. 

120. (previously presented) The protein of claim 62, wherein the protein is 
produced by CHO cells. 

121. (previously presented) The protein of claim 62, wherein the protein consists 
of (a) the soluble fragment of the receptor and (b) all of the domains of the constant region of 
the human immunoglobulin IgG_heavy chain other than the first domain of the constant 
region. 

Claim 122 (canceled) 

123. (previously presented) The protein of claim 62, wherein said domains of the 
constant region of the human immunoglobulin heavy chain consist essentially of the 
immunoglobulin amino acid sequence encoded by pCD4Hyl vector (deposited at Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG 
under No. DSM 5314) or by pCD4-Hy3 vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. 

DSM 5523). 

124. (previously presented) The protein of claim 105, wherein said domains of the 
constant region of the human immunoglobulin heavy chain consist essentially of the 
immunoglobulin amino acid sequence encoded by pCD4Hyl vector (deposited at Deutschen 
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Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG 
under No. DSM 5314). 

125. (previously presented) The protein of claim 106, wherein the protein is 
purified. 

126. (previously presented) The protein of claim 106, wherein the protein is 
produced by CHO cells. 

127. (previously presented) The protein of claim 106, wherein the protein consists 
of (a) the soluble fragment of the receptor and (b) all of the domains of the constant region of 
the human Igd heavy chain other than the first domain of the constant region. 

128. (previously presented) The protein of claim 106, wherein the soluble fragment 
further comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

129. (previously presented) The recombinant protein of claim 107, wherein the 
recombinant protein is purified. 

130. (previously presented) The recombinant protein of claim 107, wherein the 
recombinant protein is produced by CHO cells. 

131. (previously presented) The recombinant protein of claim 107, wherein the 
protein consists of (a) the soluble fragment of the receptor and (b) all of the domains of the 
constant region of the human Igd heavy chain other than the first domain of the constant 
region. 

132. (previously presented) The protein of claim 107, wherein said domains of the 
constant region of the human immunoglobulin heavy chain consist essentially of the 
immunoglobulin amino acid sequence encoded by pCD4Hyl vector (deposited at Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG 
under No. DSM 5314) or by pCD4-Hy3 vector (deposited at Deutschen Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM) in Braunschweig, FRG under No. 

DSM 5523). 
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133. (previously presented) The protein of claim 1 13, wherein said domains of the 
constant region of the human immunoglobulin heavy chain consist essentially of the 
immunoglobulin amino acid sequence encoded by the DNA insert of pCD4Hyl vector 
(deposited at Deutschen Sammlung von Mikroorganismen und Zellkulturen GmbH (DSM) in 
Braunschweig, ERG under No. DSM 5314). 

134. (previously presented) A protein consisting of 

(a) a human tumor necrosis factor (TNF)-binding soluble fragment of an insoluble 
human TNF receptor, wherein the insoluble human TNF receptor (i) specifically binds human 
TNF, and (ii) has an apparent molecular weight of about 75 kilodaltons on a non-reducing 
SDS-polyacrylamide gel and (iii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), 

wherein the soluble fragment comprises the peptides LCAP (SEQ ID NO: 12) 
and VFCT (SEQ ID NO:8), and 

(b) all of the domains of the constant region of a human IgGj heavy chain other 
than the first domain of the constant region, 

wherein the protein specifically binds human TNF, and 
wherein the protein is produced by CHO cells. 

135. (previously presented) The protein of claim 134, wherein the soluble 
fragment comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10). 

136. (previously presented) The protein of claim 134, wherein the protein is 
purified. 

137. (previously presented) A pharmaceutical composition comprising the 
recombinant protein of claim 105 and a pharmaceutical^ acceptable carrier material. 

Claim 138 (canceled) 

139. (previously presented) A method of binding human TNF in vivo comprising 
the step of administering to a subject the pharmaceutical composition of claim 137. 
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140. (currently amended) A protein comprising 

(a) a human tumor necrosis factor (TNF) binding soluble fragment of the amino 
acid sequence encoded by the cDNA insert of the plasmid deposited with the ATCC on 
October 17, 2006 under accession number PTA 7942; and 

(b) all of the domains of the constant region of a human immunoglobulin IgG 
heavy chain other than the first domain of said constant region; 

wherein said protein specifically binds human TNF. 

141. (previously presented) The protein of claim 140 consisting of the soluble 
fragment and all the domains of the constant region of the human immunoglobulin IgG heavy 
chain other than the first domain of said constant region. 

142. (previously presented) The protein of claim 140 
wherein the protein is expressed by a mammalian host cell. 

143. (previously presented) The protein of claim 142, wherein the mammalian host 
cell is a CHO cell. 

144. (previously presented) The protein of claim 142 consisting of the soluble 
fragment and all the domains of the constant region of the human immunoglobulin IgG heavy 
chain other than the first domain of said constant region. 
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EXHIBIT C 

At pages 8-9, the Office Action states: 

The specification does not provide evidence that Applicants 
were in possession of any TNF-binding soluble fragments of an 
insoluble 75kD TNF-binding receptor comprising SEQ ID NO: 
10. While the sequence of the entire extracellular domain of 
the 75kD TNF receptor was publicly available in the references 
of Smith (1990) and Dembic (1990) at the time of filing of the 
instant application, there is no description in the instant 
specification of these specific full-length sequences, or any 
description that suggests using these full-length sequences in 
the claimed fusion proteins. While the specification cites Smith 
(1990) on page 10, the specification does not contemplate use 
of the sequence of the full-length extracellular domain of the 
receptor taught in Smith. 

At page 9, the Office Action states: 

The only paragraph in the specification that refers to Smith 
(1990) states: 

That is to say, the present invention, embraces not only allelic 
variants, but also those DNA sequences which result from 
deletions, substitutions and additions from one or more 
nucleotides of the sequences given in Figure 1 or Figure 4, 
whereby in the case of the proteins coded thereby there come 
into consideration, just as before, TNF-BP. One sequence 
which results from such a deletion is described, for example in 
Science 248, 1019-1023, (1990)' (pg 10, lines 1-10) 

The last sentence of this paragraph is the only sentence that 
refers to Smith, and this sentence only refers to 'one sequence' 
in Smith that results from a 'such a deletion'. The phrase 'such 
a deletion' must refer to the 'deletions' recited in the previous 
sentence, which are deletions made to the nucleotide sequence 
of Figure 1 or Figure 4. Therefore, this paragraph refers solely 
to nucleotide sequences with deletions of one or more 
nucleotides to the sequences given in Figure 1 or Figure 4, and 
the proteins encoded by said nucleotides. Figure 4 shows a 
partial cDNA sequence of the 75 kD TNF receptor having less 
than the full-extracellular domain; therefore any deletions made 
to this sequence would not achieve a nucleotide sequence 
encoding the full-length extracellular domain presented in 
Smith. Therefore, the reference to Smith in the specification 
does not refer to a nucleotide sequence encoding the full-length 
extracellular domain of the receptor disclosed in Smith. 
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At page 10, the Office Action states: 

Applicants' disclosure at the time of filing would not have lead 
the skilled artisan to the particular species of fusion protein 
comprising the entire extracellular domain found in Smith. In 
absence of a description of the full-length extracellular domain 
of the 75 kD receptor for use in Applicants' claimed invention, 
Applicants did not have possession of the claimed invention at 
the time of filing. 

At page 10, the Office Action states: 

The instant specification as filed contains no reference to the 
teachings of Dembic, and therefore there is no teaching in the 
instant specification indicating that the sequences disclosed in 
Dembic are relevant to the proteins of the instant invention, 
including the claimed fusion proteins. . . . Applicants' 
disclosure at the time of filing would not have lead the skilled 
artisan to the particular species of fusion protein comprising the 
entire extracellular domain found in Dembic. 



B-176 



Application No.: 08/444,790 



Docket No.: 01017/40451B 



EXHIBIT D 

GAP of: p75-P20333 check: 5724 from: 1 to: 461 
p75 (smith) 

to: p75-EP939121 check: 2507 from: 1 to: 392 
p75 (EP939121) 

Symbol comparison table: /apps/gcg/gcgcore/data/rundata/blosum62 . cmp 
CompCheck: 1102 



Gap Weight 
Length Weight 
Quality 
Ratio 

Percent Similarity 



8 Average Match 

2 Average Mismatch 
2052 Length 
5.235 Gaps 
98.977 Percent Identity 
Match display thresholds for the alignment (s) 
= IDENTITY 
2 
1 



2.778 
-2.248 
462 
1 

98.977 



P75-P20333 x p75-EP939121 April 12, 2007 13:55 
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Application No. 08/444,790 Docket No. 01017/41451B 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Brockhaus et al. 

Application No. 08/444,790 Art Unit: 1 646 

Filed May 19, 1995 Examiner: Z. Howard 

For: HUMAN TNF RECEPTOR 

SECOND DECLARATION OF STEWART LYMAN, Ph.D., 
UNDER 37 C.F.R. § 1.132 

I, Stewart Lyman, Ph.D., declare as follows that: 

1. I have been informed that the applicants of the above-identified application 
seek priority benefit of an earlier application, European application No. 901 16707.2 
filed August 31, 1990 ("August 31, 1990 Priority Application"). I have read what I 
have been informed is an English translation of this application, attached hereto as 
Appendix B. 

2. I have considered the contents of the English translation of the August 3 1 , 
1990 Priority Application, the knowledge and understanding of a person skilled in the 
art as of August 31, 1990, and the statements I made in my prior declaration entitled 
"Declaration of Stewart Lyman, Ph.D. under 37 C.F.R. 1 .132" regarding the above- 
identified application and the Office Action dated February 23, 2007. 

3. The portions of the above-identified application that I referenced in my prior 
declaration also appear in the English translation of the August 31, 1990 Priority 
Application, including the citation to the Smith (1990) Science article. The table 
attached as Appendix A shows the page and line numbers of the corresponding cited 
passages in the English translation of the August 31, 1990 Priority Application. 

4. All of the statements that I made in my earlier declaration with respect to what 
a person skilled in the art would understand from reading the text of the above- 
identified application as of its September 10, 1990 effective filing date apply equally 
to what a person skilled in the art would understand from reading the English 
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translation of the August 31, 1990 Priority Application as of its filing date. In other 
words, the written description conveyed by the above-identified application as of 
September 10, 1990 is the same as the written description conveyed by the English 
translation of the August 31, 1990 Priority Application as of its filing date. 



knowledge are true, that all statements made on information and belief are 
believed to be true, and that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both (18 U.S.C. § 1001), and may jeopardize 
the validity of the application or any patent issuing thereon. 



5. 



I further declare that all statements made herein of my own 



Date 
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APPENDIX A 



Location of passage in U.S. Appl. No. 
08/444,790 


Location of passage in the English 
translation of the August 31,1 990 Priority 
Application 


Figure 1, pages 1 and 2 of the drawings 


Figure 1, pages 21 and 22 


Figure 4, pages 5 and 6 of the drawings 


Figure 4, pages 25 and 26 


Page 3, lines 14-16 


Page 3, lines 12-14 


Page 3, line 35-page 4, line 3 


Page 4, lines 11-16 


Page 7, lines 13-16 


Page 2b, lines 1 -3 


Page 9, line 19-page 10, line 10 


Page 3a, line 13-page 3b, line 1 


Page 10, lines 9-10 (citation to Smith 
(1990) article) 


Page 3b, line 1 (citation to Smith (1990) 
article) 


Page 10, line 19-23 


Page 3b, lines 7-9 


Page 10, lines 23-26 


Page 3b, lines 9-11 


Page 14, lines 32-36 


Page 5, line 27-page 5a, line 2 


Page 17, lines 18-31 


Page 6, lines 20-28 


rage 20, lines 27-30 


Page 7, lines 24-26 


Page 33, lines 7-19 


Page 13a, line 23 -page 14, line 1 


Page 35, lines 22-33 


Page 14a, lines 20-28 


Page 37, lines 14-18 


Page 15a, lines 8-11 


Page 42, lines 5-8 


Page 17a, lines 9-11 


Page 42, lines 5-25 (Example 1 1) 


Page 17a, lines 9-21 (Example 11) 


Example 11, page 42, line 1-page 43, line 8 


Example 11, page 17a, line 9-page 18, line 9 
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Soluble Tumor Necrosis Factor (TNF) Receptors 
Are Effective Therapeutic Agents in Lethal 
Endotoxemia and Function Simultaneously as 
Both TNF Carriers and TNF Antagonists 

Kendall M. Mohler, 1 * Dauphine S. Torrance,* Craig A. Smith/ Raymond G. Goodwin/ 
Kay E* Stremler, § Victor P. Fung, 11 Hassan Madani, # and Michael B. Widmer* 

•Departments of Immunology, + Biochemistry / *Molecular Biology, Analytical Biochemistry, ''Mammalian Cell 
Development, and ^Purification Development, Immunex Corporation, Seattle, WA 98101 

Abstract. Two forms (monomeric or dimeric) of the extracellular, ligand-binding portion of the human p80 cell- 
surface receptor for TNF were used to antagonize TNF activity in vitro and in vivo. The dimeric sTNFR:Fc molecule 
was a more potent inhibitor of TNF than the monomeric sTNFR (50 to 1000X), as assessed in vitro by inhibition 
of TNF binding or bioactivity and in vivo by protection of mice from an otherwise lethal injection of LPS. Surprisingly, 
the dimeric sTNFR:Fc construct demonstrated a beneficial effect even when administered 3 h after a lethal LPS 
injection (i.e., after serum TNF levels had peaked and receded). To study the mechanism by which the soluble TNFR 
functions in vivo, serum TNF levels were examined in mice given LPS in the presence or absence of soluble receptor. 
Administration of a mortality-reducing dose of sTNFR:Fc ablated the rise in serum TNF bioactivity that normally 
occurs in response to LPS. However, TNF bioactivity was revealed in these "TNF-negative" serum samples when 
the L929 bioassay was modified by inclusion of a mAb that blocks the binding of murine TNF to the human soluble 
TNFReceptor. These results indicate that the absence of direct cytolytic activity in the L929 assay was caused by 
neutralization of TNF, rather than to an absence of TNF in the serum. Moreover, administration of either monomeric 
sTNFR or low doses of dimeric sTNFR:Fc actually resulted in increased serum TNF levels compared to mice given 
LPS but no soluble receptor. However, these "agonistic" doses of soluble receptor did not lead to increased mortality 
when an LD 60 dose of LPS was given. Thus, dimeric sTNFR are effective inhibitors of TNF and under some cir- 
cumstances function simultaneously as both TNF "carriers" and antagonists of TNF biologic activity. Journal of 
Immunology, 1993, 151: 1548. 



TNF is a polypeptide hormone released by activated 
macrophages and T cells, which mediates a wide 
range of biologic functions. In addition to its po- 
tential role as a regulator of the normal immune response, 
TNF is also thought to play a major role in systemic toxicity 
associated with sepsis (1-6). TNF may also be involved in 
the pathogenesis of AIDS (7-9) as well as a number of 
autoimmune and inflammatory diseases (10-13). A mole- 
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cule that specifically inhibits the biologic activities of TNF 
may thus have considerable therapeutic utility. 

Soluble, extracellular, ligand-binding portions of cyto- 
kine receptors occur naturally in body fluids and are be- 
lieved to regulate the biologic activities of cytokines (14- 
17). The importance of these molecules as cytokine regu- 
lators is underscored by the fact that several pox viruses 
encode proteins with structural and functional homology to 
the extracellular portions of the receptors for TNF and IL- 1 
(18-20). Considerable controversy exists concerning the 
type of regulatory role naturally occurring soluble cytokine 
receptors might perform. Although it is likely that such 
molecules will function as cytokine carriers in an opera- 
tional sense by altering the biodistribution of the cytokine 
to which they bind, it is not clear whether such an inter- 
action would serve to agonize or antagonize the biologic 
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effects of the cytokine (21, 22). However, experiments in 
which recombinant soluble receptors have been adminis- 
tered in vivo demonstrate their potential to inhibit immune 
and inflammatory responses, presumably by acting as an- 
tagonists of cytokine activity (23, 24). 

There are two distinct cell-surface receptors for TNF: the 
80 kDa (p80) and the 60 kDa (p60) receptors, both of which 
bind TNF- ot and TNF-0 (25, 26). Given the predominantly 
trimeric nature of TNF (25) and the apparent requirement 
for cross-linking of cell-surface TNFR for signal transduc- 
tion (27), it is likely that dimeric soluble receptor constructs 
should possess a higher affinity for TNF (28) and therefore 
function as considerably more potent competitive inhibitors 
than monomeric sTNFR. 2 This prediction has been verified 
by the results of recent experiments demonstrating superior 
TNF inhibitory activity of dimeric Fc fusion constructs of 
p60 in vitro (29). Although soluble forms of both mono- 
meric and dimeric p60 TNFR have been shown to be ben- 
eficial in animal models of sepsis, no direct comparison of 
the in vivo potency of monomeric vs dimeric receptors in 
sepsis has been reported. In addition, little information is 
available concerning the mode of action of such inhibitors 
in vivo. 

Monomeric and dimeric (Fc fusion protein) forms of the 
p80 TNFR were constructed and compared in vitro and in 
vivo for effects on TNF biologic activity. The results in- 
dicate that the sTNFR:Fc, but not the sTNFR, was effective 
in reducing mortality associated with LPS administration, 
at least over the concentration range tested. In addition, the 
sTNFR:Fc molecule can function simultaneously as both a 
TNF "carrier" and an antagonist of TNF biologic activity 
and thus inhibit the lethal effects of LPS by acting as a 
biologic buffer for TNF. 

Materials and Methods 

Mice 

BALB/c female mice 8 to 10 wk old were purchased from 
Charles River (Wilmington, MA) and were maintained 
within a specific pathogen-free environment. 

Construction and production of p80 sTNFR and 
sTNFR:Fc 

Recombinant sTNFR was expressed in a CHO cell line 
using the glutamine synthetase selectable and amplifiable 
marker. For production, cells cultured to confluence in 
roller bottles were washed with PBS and then cultured in 
serum-free medium. Purification of the sTNFR from the 
CHO supernatant was accomplished in a single affinity 



2 Abbreviations used in this paper: sTNFR, soluble monomeric human p80 
TNFR; sTNFR:Fc, recombinant fusion protein composed of soluble dimeric 
human p80 TNFR linked to the Fc region of human IgCI: CHO, Chinese 
hamster ovary. 



chromatography step using a mAb, Ml, specific for 
sTNFR. 

Recombinant sTNFR:Fc was expressed in CHO cells us- 
ing the dihydrofolate reductase selectable and amplifiable 
marker. Suspension cells were centrifuged and resuspended 
into serum-free medium in a controlled bioreactor. The 
product was collected after 7 days. The sTNFR:Fc molecule 
was purified using protein A affinity chromatography fol- 
lowed by an ion-exchange step. 

Concentrations of the purified sTNFR and sTNFR:Fc 
were determined by amino acid analysis. Endotoxin levels 
were determined to be <5.6 ng endotoxin/mg sTNFR or 
sTNFR:Fc using the Kinetic-QCL assay (Whittaker Bio- 
products, Walkersville, MD) for detection of Gram- 
negative bacterial endotoxin. Physical characterization 
included SDS-PAGE, N-terminal sequencing, and immun- 
oreactivity analyses (K. E. Stramler and H. Madani, un- 
published observations). A diagrammatic representation of 
p80 sTNFR and sTNFR:Fc is shown in Figure 1. 

Antibodies to soluble TNFR 

The generation of mAb to the human p80 sTNFR has been 
described previously (30). Ml mAb (rat IgG 2b) and M3 
(rat IgG) mAb both bind to the human p80 sTNFR but not 
to mouse TNFR. 

Binding inhibition assay 

Human rTNF-a was expressed in yeast as a protein com- 
posed of the entire coding region of mature TNF fused to 
an octapeptide at the N terminus, useful in affinity purifi- 
cation. Purified TNF was radioiodinated as described (18) 
to a sp. act of 2 X 10 15 cpm/mmol, without loss of biologic 
activity (measured in an L929 cytolysis assay) or receptor- 
binding activity (see below). 

Inhibition assays were carried out as described (31). 
Briefly, [ 125 I]TNF-a (0.5 nM) was incubated in binding 
medium (RPMI 1640, 2.5% BSA, 50 mM HEPES buffer, 
pH 7.4, 0.4% NaN 3 ) for 2 h at 4°C with serially diluted 
inhibitors (human sTNFR:Fc, sTNFR monomer, or unla- 
beled human rTNF-a) and 2 X 10 6 U937 cells. Duplicate 
aliquots were subsequently removed, centrifuged through 
a phthalate oil mixture to separate free and bound ligand, 
and the radioactivity was measured on a gamma counter. 
Nonspecific binding values were determined by inclusion 
of a 200 X molar excess of unlabeled TNF and were sub- 
tracted from total binding data to yield specific binding 
values. Data were plotted and results analyzed as described 
(31). 

L929 bioassay for TNF activity 

The protocol used to measure the presence of TNF cytolytic 
activity using L929 cells as targets has been described pre- 
viously (32, 33). Briefly, 10 /xl of mouse serum, mouse 
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sTNFR 



FIGURE 1. Construction of monomeric 
sTNFR and dimeric sTNFR:Fc molecules. 
Extracellular portions of the human p80 
TNFR cDNA were cloned and produced as 
described in Materials and Methods. In the 
dimeric sTNFR:Fc molecule three disulfide 
bonds are depicted. However, the disulfide 
bond closest to the N terminus is normally 
used for binding to the Ig L chain and thus, 
its state (i.e., free cysteine or disulfide bond) 
in the sTNFR:Fc fusion product is not 
known. 




rTNF-a (Genzyme, Boston, MA), or supernatant from 
LPS-stimulated RAW 264.7 cells (American Type Culture 
Collection, Rockville, MD) was serially diluted (50%:50%, 
v/v) in flat bottom, 96-well microtiter plates. L929 medium 
(RPMI 1640 with 10% FCS, 2 mM L-glutamine, 50 U/ml 
penicillin, and 50 /xg/ml streptomycin) was added to each 
well, followed by soluble receptors, control proteins, or 
mAb in a total volume of 30 jxl. Ten microliters of acti- 
nomycin D was then added (final concentration of 0. 1 /xg/ 
well; Sigma, St. Louis, MO). Finally, 5 X 10 4 L929 cells 
were added to each well (final volume/well = 100 uJ) and 
the plates were incubated at 37°C in 5% C0 2 . To prevent 
the influence of edge effects on the TNF bioassay, only the 
inner wells of each plate were utilized. All outer wells re- 
ceived 200 fi\ of L929 medium only. After 16 h of incu- 
bation, the culture medium was removed and replaced with 
200 /xl of 0.5% crystal violet in methanol/water (1/4). The 
plate was washed with distilled water and air dried at am- 
bient temperature. One hundred microliters of 2% deoxy- 
cholic acid (catalog no. D-6750, Sigma) was added to each 
well to solubilize the crystal violet and the plates were an- 
alyzed on an ELISA plate reader at 562 nm. The negative 
control consisted of L929 cells in the presence of 
actinomycin-D. Estimates of serum TNF concentrations 
were obtained by comparing the TNF activity in the ex- 
perimental serum samples with the activity obtained with 
the mouse rTNF-a standard. 

LPS-induced mortality 

LPS, derived from Escherichia coli 0127:B8 (catalog no. 
DF3 132-25, VWR, Seattle, WA), was resuspended at 10 
mg/ml in sterile saline and stored at -20°C in small ali- 
quots. The LPS was diluted to the proper concentration and 
sonicated (CU-6 sonicator; Branson, Shelton, CT) for 1 min 
before injection. BALB/c female mice (18 to 20 g) were 
injected i. v. with an LD^ to LD l00 dose of LPS (300 to 400 




jig) in 0.2 ml of saline. The LPS was injected either alone 
or in conjunction with sTNFR, sTNFR:Fc or control pro- 
tein, human IgG (catalog no. 1-4506, Sigma). In some ex- 
periments, mice were injected with LPS i.v. followed at 2, 
3, or 4 h with an i.v. injection of soluble receptor or control 
protein. Survival was monitored for at least 5 days and, in 
some experiments, the mice were observed for a maximum 
of 4 wk. However, no further mortality occurred after the 
initial 5 -day observation period. 

Results 

In vitro neutralization of TNF activity by soluble 
TNFR 

The ligand binding characteristics of sTNFR monomer and 
sTNFR:Fc were determined by cell-based inhibition studies 
using l25 I-human rTNF-a and U937 cells expressing sur- 
face p80 and p60 TNFR. Results of these experiments are 
shown in Figure 2A. To generate a robust criterion of the 
relative activity of the sTNFR:Fc, we have analyzed the 
binding inhibition data with a simple one-site model to 
yield a single ATj, which reflects that concentration of in- 
hibitor which mediates 50% inhibition of binding of TNF 
to cell-surface receptors. As predicted from (1) the multi- 
valent interactions that occur between TNF ligands and 
receptors and (2) previous studies (29), the sTNFR:Fc 
(K x = 1 X 10 10 M" 1 ) shows -50-fold higher affinity for 
the ligand than does the sTNFR monomer (K t = 2 x 10 8 
M" 1 ). Thus, one might suspect that the sTNFR:Fc molecule 
would be a better antagonist of TNF biologic activity in 
comparison to the monomeric sTNFR in vitro and in vivo. 
To address the biologic efficacy of monomeric (sTNFR) 
and dimeric (sTNFR:Fc) forms of the soluble p80 TNFR, 
both molecules were analyzed for their ability to neutralize 
TNF activity in vitro in the L929 bioassay (Fig. IB). Mo- 
nomeric sTNFR and dimeric sTNFR:Fc inhibited the ac- 
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FIGURE 2. Comparison of TNF 
binding and neutralizing capability of 
sTNFR and sTNFR:Fc. A, U937 cells 
(2 X 1 0*) were incubated at 4°C for 4 
h with 0.5 nM 125 l-human rTNF-a in 
binding medium and varying con- 
centrations of inhibitor (sTNFR:Fc, 
sTNFR monomer or unlabeled hu- 
man rTNF-of) in a total volume of 1 50 
pi. Duplicate 70-pl aliquots of the 
suspension were subsequently re- 
moved and microfuged through a 
phthalate oil mixture to separate free 
and bound ligand. Radioactivity was 
measured in a gamma counter and 
the data were analyzed according to 
a simple competitive inhibition mod- 
el. B, a constant amount of murine 
rTNF-a {125 pg/ml) or natural TNF 
{derived from LPS-stimulated RAW 
cells, 1/200 dilution) was added to 
each well of an L929 cytolysis assay 
in the presence of varying amounts of 
inhibitors (sTNFR, sTNFR:Fc or hu- 
man IgG). Details of the L929 cytol- 
ysis assay are provided in Materials 
and Methods. The OD of L929 cells 
in the absence of TNF is indicated by 
the upper solid line (mean OD ap- 
proximately 0.45) and maximal lysis 
of L929 cells is indicated by the lower 
solid line (mean OD approximately 
0.075). 
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tivity of mouse TNF (recombinant or natural) in a dose- 
dependent fashion; however, sTNFR:Fc was approximately 
1000-fold more efficient than sTNFR. Identical results 
were obtained when human rTNF-a was utilized as the 
ligand (data not shown). Human IgG, used as a control 
protein, had no effect on TNF activity. 

Ability of sTNFR to prevent mortality induced by LPS 

We have also compared the biologic efficacy of sTNFR and 
sTNFR:Fc in vivo in a murine model of LPS-induced septic 
shock. Various doses of sTNFR:Fc or control protein (hu- 
man IgG) were mixed with a lethal dose of E. coli LPS (400 
jxg/mouse) and injected i.v. into 18- to 20-g BALB/c female 
mice. Survival was monitored for 5 days and the results are 
presented in Figure 3. Treatment of mice with LPS only or 
LPS and any dose of human IgG resulted in 0 to 10% long 



term survival. In contrast, 90% of mice treated with LPS 
plus 100 itg (L95 nmol) of sTNFR:Fc survived. Beneficial 
effects of the sTNFR:Fc protein were also evident with 
doses as low as 10 /xg (0.2 nmol)/mouse. In similar studies 
we have been unable to demonstrate an effect of recom- 
binant monomelic sTNFR on survival even when doses as 
high as 260 /xg (10.35 nmol) were administered (Fig. 4). 
However, based on the in vitro neutralizing capacity of the 
monomelic vs dimeric sTNFR (Fig. 2) and the dose of 
sTNFR:Fc required to effect survival in vivo (Fig. 3), mo- 
nomelic sTNFR would be predicted to demonstrate effi- 
cacy at much higher doses (10 mg/mouse). 

The ability of the sTNFR:Fc protein to provide protec- 
tion when given at various times after LPS administration 
was also tested. Mice received a lethal dose of LPS (i.v.) 
followed 2, 3, or 4 h later by sTNFR:Fc (100 ttg/mouse). 
Two to three separate experiments were conducted for each 
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FIGURE 3. Administration of sTNFR:Fc 
prevents mortality of BALB/c mice in- 
jected with a lethal dose of LPS. Various 
doses of sTNFR:Fc or human IgG, as a 
control, were mixed with a lethal dose of 
LPS (400 ug) and injected i.v. into BALB/c 
mice. Survival was monitored at least 
once a day for 5 days. In each of three 
separate experiments, mice treated with 
sTNFR:Fc at doses of 1 0 pg or above dem- 
onstrated enhanced survival. 
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FIGURE 4. Administration of sTNFR 
does not affect mortality of BALB/c 
mice injected with a lethal dose of LPS. 
The procedure was identical to that de- 
scribed in the legend to Figure 3. Note: 
the response of mice treated with hu- 
man IgG plus LPS overlaps the re- 
sponse of mice treated with sTNFR 
(260 pg) plus LPS. 



time point. All experiments provided similar results and 
therefore the results were pooled (Fig. 5). The results dem- 
onstrate that the administration of sTNFR:Fc was clearly 
beneficial even when administered up to 3 h after the in- 
jection of LPS. In the same experiment, the progression of 
serum TNF activity after LPS injection was determined in 
a subset of mice that received LPS only (Fig. 6). These 
experiments and previous reports (34—36) demonstrate that 
most of the serum TNF activity was produced during the 
first 2 h after LPS administration. These results demonstrate 
that the sTNFR:Fc protein was efficacious even when ad- 
ministered after serum TNF levels had peaked and receded. 
Thus, the efficacy of the sTNFR:Fc molecule must not be 
due solely to neutralization of serum TNF bioactivity. 



Effect of sTNFR and sTNFR:Fc on serum TNF levels 
in vivo 

To study the mechanism by which sTNFR:Fc protected 
mice from an otherwise lethal dose of LPS, the effect of the 
two forms of soluble TNFR on TNF activity present in the 
serum was examined. Mice were injected with LPS alone 
(400 fxg) or LPS mixed with 100 /ug of sTNFR, sTNFRrFc, 
or control protein, human IgG. Serum samples were ob- 
tained 2 h after injection and assayed for TNF bioactivity 
(Fig. 7). Mice injected with LPS alone or LPS mixed with 
human IgG exhibited equivalent amounts of serum TNF 
activity (approximately 1 ng/ml) 2 h after LPS injection. In 
contrast, mice treated with LPS plus 100 /xg of sTNFRrFc 
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TNFR:Fc (100 ug) N-28 
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TIME POST LPS INJECTION (HRS) 



FIGURE 5. Administration of sTNFR.Fc 
prevents mortality of BALB/c mice even 
when injected 3 h after a lethal dose of 
LPS. At 2, 3, or 4 h after i.v. injection of a 
lethal dose of LPS (400 ug), 100 ug of 
sTNFR:Fc or human IgG, as a control, 
were injected i.v. Survival was monitored 
at least once a day for 5 days. The results 
represent a compilation of two to three 
separate experiments. 
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(which protects mice from the lethal effects of LPS injec- 
tion, (Fig. 3)) had little or no serum TNF activity as assessed 
in the L929 assay. Somewhat surprisingly, mice treated 
with an equivalent dose of monomeric sTNFR (which was 
not efficacious in survival studies) exhibited serum TNF 
levels 10-fold higher (10 ng/ml) than control mice treated 
with LPS only or LPS plus human IgG. 

Figure 8 depicts results of an experiment in which the 
relationship between the dose of sTNFR:Fc and serum TNF 
activity was examined. Sera obtained from mice injected 
with LPS alone or LPS plus 1 to 100 u,g of human IgG 
contained detectable TNF activity that titrated in a pre- 
dictable fashion. Sera obtained from mice 2 h after treat- 
ment with 100 or 30 u.g of sTNFR:Fc and LPS contained 
little if any demonstrable TNF activity. Mice injected with 
10, 3, or 1 \i% of sTNFR:Fc and LPS exhibited serum TNF 
activity but the sera displayed unusual characteristics. 
These serum samples demonstrated intermediate levels of 



TNF activity, which failed to decrease even when diluted 
to 1/160 (Fig. 8) (data not shown). Because these results 
were obtained only when mice received LPS and low doses 
of the sTNFR:Fc, we examined the influence of the 
sTNFR:Fc on TNF activity in these samples. 

Ability of sTNFR:Fc molecules to act as carriers of 
TNF 

Experiments were conducted to determine the effect of 
blocking the TNF-binding ability of sTNFR:Fc molecules 
in vitro in the L929 cytolysis assay. To this end, we utilized 
a mAb (Ml) that binds to the sTNFR:Fc molecule and 
blocks the ability of the soluble human TNFR:Fc protein to 
bind TNF. Another rat mAb (M3) that binds the sTNFR:Fc 
molecule but does not block TNF binding was used as a 
control. To examine the ability of M 1 to block TNF binding 
to sTNFR:Fc proteins, constant amounts of sTNFR:Fc (200 
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600 




Time post LPS Injection (Hrs) 

FIGURE 6. Serum TNF levels are elevated for 2 h after 
lethal LPS injection. Mice were injected with a lethal dose of 
LPS (400 ug) and serum was obtained at 1 , 2, 3, or 4 h. TNF 
activity was assessed by the L929 cytolysis assay as described 
in Materials and Methods. 



ng/ml) and murine rTNFa (125 pg/ml) were added to di- 
lutions of Ml, M3, or rat IgG (Fig. 9). The ability of the 
sTNFR:Fc protein to neutralize the activity of TNF was 
reversed only in the presence of Ml. In addition, full neu- 
tralization of the sTNFR:Fc protein (200 ng/ml) required a 
10- fold excess (2 jxg/ml) of Ml. 

The effect of addition of M 1 to serum obtained from mice 
2 h after injection of LPS (400 /mg) mixed with 10 or 100 
pig of sTNFR:Fc was examined. As previously described 
(Fig. 8), the serum obtained from mice treated with 10 fig 
of sTNFR:Fc demonstrated intermediate levels of activity 
that were not altered by dilution (Fig. 10). Addition of Ml 
(2 fxg/ml) to dilutions of the serum revealed the presence 
of additional TNF activity, which titrated in a predictable 
fashion. As expected, addition of control antibody (i.e., M3 
or rat IgG) had no effect on the TNF activity. Furthermore, 
addition of Ml, M3, or rat IgG had no effect on serum 
samples that did not contain the soluble human TNFRrFc 
protein (i.e., sera obtained from mice injected with LPS and 
human IgG), demonstrating that the antibody did not affect 
the ability of mouse TNF to bind to the indicator L929 cells 
(Fig. 10). We have also examined serum samples from mice 
treated with a higher dose of sTNFR:Fc (100 /jtg) and LPS. 
In the absence of manipulation these samples did not dem- 
onstrate TNF activity in vitro. However, TNF activity was 
revealed when serum from these mice was treated with Ml 
but not with M3 or rat IgG (Fig. 10). In fact, maximal 
activity in the L929 assay of the sera from mice injected 
with sTNFR:Fc (100 pig) and LPS was still apparent at 
serum dilutions of 1/100, whereas sera obtained from mice 
treated with LPS only or LPS plus human IgG demonstrated 
only small amounts of TNF activity at a dilution of 1/16 
(Fig. 10). 



To determine whether or not sTNFR:Fc could prolong 
the presence of serum TNF, mice were injected with LPS 
and 10 or 100 pig of sTNFR:Fc or human IgG, as described 
above, and serum samples were obtained at 4 h. The serum 
samples were assayed in the L929 bioassay in the presence 
and absence of MI, M3, or rat IgG (Fig. 1 1). As expected, 
sera obtained from mice injected 4 h previously with LPS 
alone or LPS plus human IgG did not contain serum TNF 
activity. However, sera obtained from mice injected with 
LPS plus sTNFR:Fc (10 or 100 pig) still contained bio- 
logically active TNF, which titrated in a predictable fashion 
in the presence of Ml mAb. Thus, mice injected with LPS 
and the soluble human TNFT*:Fc protein, even at thera- 
peutic doses, retained increased levels of TNF in the serum 
that persisted for longer periods of time. However, depend- 
ing upon the dose of sTNFR:Fc administered, the TNF ac- 
tivity was either (1) enhanced or (2) revealed only upon the 
addition of a mAb which blocked the binding of TNF to the 
sTNFR:Fc protein. These observations indicate that the 
binding of the sTNFR:Fc protein to TNF is reversible and 
that the inhibition of TNF activity reflects a balance be- 
tween the presence of sTNFR:Fc, TNF, and endogenous 
TNFR (either cell surface or soluble). 

The carrier function of sTNFR:Fc molecules is not 
detrimental to the host 

As the administration of sTNFR:Fc under some circum- 
stances produced increased levels of serum TNF (Fig. 8) 
that persisted for at least 4 h (Fig. 11), it was important to 
determine whether or not the administration of sTNFR:Fc 
molecules under these circumstances would lead to detri- 
mental consequences. Mice were injected with a dose of 
LPS (300 pig) which produced intermediate levels of mor- 
tality (60 to 70%), such that beneficial or deleterious effects 
of the TNFR could be observed. Mice treated with 
sTNFR:Fc at doses ranging from 10 ng to 10 pig demon- 
strated equivalent or slightly better survival when com- 
pared with mice treated with LPS alone or LPS and human 
IgG (Fig. 12). Further experiments in which lower doses of 
sTNFR:Fc (100 pg to 1 pig) were utilized yielded similar 
results (data not shown). Thus, administration of sTNFR:Fc 
in sublethal models of LPS toxicity had no detrimental con- 
sequences on the survival incidence. 



Discussion 

The data presented in this report demonstrate that a fusion 
molecule consisting of a soluble form of the extracellular 
portion of the p80 cell surface TNFR fused to the Fc portion 
of human IgGl (sTNFR:Fc) is an effective antagonist of 
LPS-induced septic shock. An increased incidence of sur- 
vival in mice given an otherwise lethal dose of LPS was 
observed when the sTNFR:Fc protein was injected 0 to 3 
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FIGURE 7. The effect of sTNFR vs sTN- 
FR:Fc on serum TNF levels after co-admin- 
istration of LPS in vivo. LPS (400 ug) was 
mixed with 100 ug of sTNFR, sTNFR:Fc, or 
human IgG and administered i.v. to 
BALB/c mice. Serum samples were ob- 
tained 2 h after injection and analyzed for 
TNF activity in the L929 cytolysis assay. 
The results were obtained from three to 
four separate experiments for each treat- 
ment group. The sensitivity of the TNF bio- 
assay is approximately 50 pg/ml and is in- 
dicated by the solid line. 
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FIGURE 8. Analysis of TNF bioactivity 
in serum samples obtained 2 h after in vivo 
co-injection of LPS and sTNFR:Fc. A lethal 
dose of LPS (400 ug) was mixed with vary- 
ing doses of sTNFR:Fc or human IgG and 
injected i.v. into BALB/c mice. Serum was 
obtained from three mice in each group 2 
h after injection. The serum for each group 
was pooled and analyzed for TNF activity 
in the L929 assay. 
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h after LPS administration (Figs. 3 and 5). When admin- 
istered simultaneously with LPS, doses of sTNFR:Fc as 
low as 10 fxg (0.2 nmol)/mouse were beneficial (Fig. 3). In 
contrast, administration of up to 260 fig (10.35 nmol) of the 
monomelic sTNFR failed to affect the incidence of mor- 
tality induced by LPS, even when the incidence of mortality 
in the control group was only 50% (Fig. 4). This difference 



in efficacy between sTNFR:Fc and sTNFR in vivo may be 
explained in large part by the higher affinity of TNF for 
sTNFR:Fc than sTNFR, which results in a substantially 
greater ability of sTNFR:Fc to neutralize the biologic ef- 
fects of TNF (Fig. 2). Furthermore, linkage of the sTNFR 
to the Fc region of Ig imparts a fivefold longer serum r w to 
the sTNFR:Fc molecule after i.v. injection (37), a property 
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FIGURE 9. Inhibition of the TNF neutral- 
izing capacity of the human p80 sTNFR:Fc 
molecule by Ml but not M3 mAb. Dilu- 
tions of Ml, M3, or rat IgG were added to 
constant amounts of sTNFR:Fc and murine 
rTNF-a in the L929 assay as described in 
Materials and Methods, 
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FIGURE 10. Demonstration of serum TNF activity in vitro in the L929 assay in the presence of Ml mAb. Serum was obtained 
from mice 2 h after injection of LPS (400 ug) mixed with sTNFR:Fc or human IgG. The serum samples were serially diluted and 
assayed in the L929 cytolysis assay either alone or in the presence of constant amounts (2 ug/ml) of Ml, M3, or rat IgG. 



that could also influence its efficacy in vivo. 

The ability of sTNFR to alter the magnitude and time 
course of serum TNF after co-administration with LPS in 
vivo was examined. Sera from mice that received high, 
life-saving doses of sTNFR:Fc (e.g., 100 u.g) failed to ex- 
hibit significant levels of TNF bioactivity when assayed 
directly in the L929 cytolysis assay. However, further ex- 
perimentation demonstrated that TNF was present in the 
serum but it was biologically inactive because of the con- 



comitant presence of sTNFR:Fc. TNF activity in these sam- 
ples was revealed in the presence of a mAb which blocked 
the ability of the human sTNF^RiFc molecules to bind TNF 
but did not interfere with the ability of TNF to bind to the 
murine TNfTl on the surface of the L929 indicator cells 
(Figs. 9 to 11). These results suggest that the sTNFR:Fc 
protein has a relatively high exchange rate for TNF, such 
that once TNF is released in vitro, it can be detected if the 
TNF is inhibited from subsequently binding to free 
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FIGURE 11. Prolongation of serum TNF in vivo by sTNFR:Fc. The protocol was identical to that described in the legend to 
Figure 10 except that the serum samples were obtained 4 h after LPS injection. 



sTNFR:Fc molecules. If TNF is also released from the 
sTNFR:Fc molecule in vivo, the sTNFR:Fc molecules may 
function by dissipating the peak in serum TNF levels nor- 
mally associated with bolus LPS injection. 

Soluble TNFR:Fc molecules also function as carriers of 
TNF in that they alter the rate at which TNF disappears 
from the serum of LPS-treated mice. Control mice injected 
with LPS alone or LPS and human IgG had elevated serum 
TNF levels only during the first 2 h after injection (Figs. 
6, 10, 11). However, mice treated with LPS and sTNFR:Fc 
retained TNF in their serum for at least 4 h (Fig. 11). In 
support of these data, we have demonstrated that the r 1/2 0 
of labeled TNF is increased approximately fourfold in vivo 
when injected concomitantly with sTNFR:Fc (D. Lynch 
and K. M. Mohler, unpublished observations). These results 
suggest that the sTNFT^Fc protein functions as an effective 
antagonist of LPS induced mortality by acting as a biologic 
buffer for TNF activity. 

When mice were exposed to lethal doses of LPS and low 
doses of sTNFR, which failed to affect mortality incidence, 
serum TNF levels as detected in the L929 bioassay were 
elevated in comparison to control mice receiving LPS alone 
or LPS plus IgG (Figs. 7 and 8). However, despite the fact 
that low doses of sTNFR increased serum TNF activity, no 
agonistic activity in terms of mortality could be demon- 
strated when low doses of sTNFR were administered in 



conjunction with an LD^o dose of LPS (Fig. 12) (data not 
shown). These data indicate that the agonistic effects on 
serum TNF activity obtained in vivo in the presence of 
sTNFR were distinct from the effects of sTNFR on LPS- 
induced mortality. Alternatively, the sTNFR may function 
as an agonist only with lethal doses of LPS. If the latter 
hypothesis is correct, then lower (nonlethal) doses of LPS 
may induce sufficient quantities of endogenous soluble 
TNFR so that the administration of exogenous sTNFR:Fc 
molecules would have relatively minor additional biologic 
impact. 

Several types of TNFR/antibody-based fusion proteins 
have been described and tested for efficacy in murine LPS- 
induced mortality models (38, 39). These TNF antagonists 
include the molecule employed in the present study, com- 
posed of the extracellular portion of the p80 cell-surface 
receptor linked to the Fc region of human IgGl, as well as 
molecules consisting of fusions between the extracellular 
portion of the p60 TNFR combined with the Fc region of 
either human IgGl (38) or human IgG3 (39). The dose of 
p60 sTNFR:Fc (4 to 20 u,g) (38, 39) and the dose of p80 
sTNFR:Fc (10 to 100 ^g) (Fig. 3) required to demonstrate 
efficacy are similar. However, efficacy of the different con- 
structs was influenced substantially by the timing of ad- 
ministration relative to lethal LPS injection. The p80 
sTNFRrFc (human IgGl) construct was efficacious when 
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FIGURE 12. Administration of low 
doses of sTNFR:Fc is not detrimental to 
the host. BALB/c mice received an 
LD f>0 dose of LPS (300 ug) premixed 
with low doses of sTNFR:Fc or human 
IgG. Survival was monitored at least 
once a day for 5 days. 
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administered as late as 3 h after LPS administration (Fig. 
5). However, a sTNFR:Fc fusion protein consisting of the 
p60 sTNFR coupled to human IgGl was effective only if 
administered within 1 h after lethal LPS injection (38). In 
contrast, preliminary reports utilizing the p60 sTNFR cou- 
pled with human IgG3 indicated that partial benefits were 
obtained as late as 3 h after LPS injection (39). Thus, sig- 
nificant differences exist between the published abilities of 
different sTNFR:Fc fusion proteins to function after LPS 
administration, and these differences do not appear to cor- 
relate with either the particular sTNFR (i.e., p60 or p80) or 
with the subclass of human IgG utilized for the fusion pro- 
tein. 

The relationship between serum TNF activity and effi- 
cacy of the sTNFR:Fc molecule had not been established 
before the present study. Given the ability of sTNFR:Fc to 
function effectively when administered as late as 3 h after 
LPS injection (Fig. 5), it was somewhat surprising to ob- 
serve that the vast majority of detectable serum TNF ac- 
tivity had already passed by 3 h (Fig. 6). A number of 
hypotheses, which are not necessarily mutually exclusive, 
may explain these results. First, the length of time that TNF 
must be bound to its cell surface receptor prior to the in- 
duction of an irreversible biological effect such as cell lysis 
is unknown. However, studies by Engelberts et al. (40) sug- 
gest that TNF must be present for extended periods of time 
to achieve maximal biologic activity in vitro. Thus, 
sTNFR:Fc may be able to compete for TNF which has 



already bound to the cell surface and, in effect, dislodge it 
before the interaction has occurred for a time sufficient to 
result in complete biologic signaling. In this regard, the rate 
of dissociation of radiolabeled TNF from its cell surface 
receptor in vitro is increased in the presence of either un- 
labeled TNF (41) or the dimeric sTNFR:Fc (C. Smith, un- 
published results). Second, LPS-induced mortality may re- 
sult from the cumulative effect of TNF. Thus, inhibition of 
the small amount of TNF present late in the time course 
might be sufficient to prevent mortality. Third, the thera- 
peutic potential of the sTNFR:Fc molecule may not be re- 
lated solely to the removal of serum TNF activity. The 
sTNFR:Fc molecule could function by inhibiting TNF ac- 
tivity in extravascular sites. Finally, LPS-induced toxicity 
may be mediated at least in part by TNF expressed on the 
cell surface, which may be masked in the presence of 
sTNFR:Fc. Regardless of the mechanism of efficacy of the 
sTNFR:Fc molecule, there is a relatively small window of 
time, 3 to 4 h after LPS injection, during which serum TNF 
levels are low and administration of the sTNFR:Fc mole- 
cule is still efficacious. These results also suggest that se- 
rum TNF levels may not always be a good prognostic in- 
dicator for the clinical efficacy of the sTNFR:Fc molecule. 

Soluble TNF-binding proteins have been recovered from 
the urine of normal humans (42, 43) and appear at elevated 
levels in the serum of cancer patients (44, 45) and in re- 
sponse to endotoxin challenge (46). The biologic role of 
these TNF-binding proteins is currently under investiga- 
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tion. Previous investigators have demonstrated that TNF 
spontaneously loses activity in vitro and, under some cir- 
cumstances, soluble p60 and p80 TNFR can prevent its 
spontaneous degradation, thereby enhancing the biological 
longevity of TNF (47). Our experiments demonstrated that 
a sTNFR monomer can function as an agonist of serum 
TNF activity in vivo and a sTNFR:Fc molecule could act 
either as an agonist or antagonist of serum TNF levels in 
a dose dependent fashion. Thus, the biologic effect of the 
soluble TNF-binding proteins isolated from humans will 
probably vary depending upon the relative concentration of 
TNF and sTNFR. This concept is supported by recent data 
of Girardin et al. (48), demonstrating increased concentra- 
tions of both TNF and soluble TNFR in the serum of septic 
patients. In that study, higher ratios of soluble TNFR to TNF 
correlated with increased probability of survival. 

These experiments indicate that the sTNFR:Fc molecule 
is an effective antagonist of LPS-induced septic shock and 
are in agreement with a number of studies that have shown 
the beneficial effects of antagonizing TNF activity in sepsis 
with either antibody (1-3) or soluble receptors (38, 39). In 
aggregate these results indicate that TNF plays a central 
role in mediating the lethality associated with sepsis. How- 
ever, several lines of evidence suggest that the role of cy- 
tokines in sepsis is not yet fully understood. First, antag- 
onism of several cytokines other than TNF (e.g., IFN-7 and 
IL-1) can also lead to beneficial results (49, 50). Second, 
anti-TNF antibodies have been reported to have variable 
therapeutic potential in models of endotoxemia, cecal li- 
gation and puncture and bacterial sepsis (51-53). Further 
experimentation will be required to determine whether or 
not the sTNFR:Fc molecule also displays the same spec- 
trum of efficacy. However, the results presented here sug- 
gest that the sTNFR:Fc molecule may be a useful thera- 
peutic agent for sepsis and other inflammatory diseases. 
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gi | 21361553 | ref lNP_003168 .2 | H spleen tyrosine kinase [Homo sapiens] 

gi 1 47 9013 I gb I AAA36 526 . 1 1 B protein tyrosine kinase 
Length=63 5 

Score - 28.6 bits (60), Expect = 30 

Identities = 9/19 (47%), Positives = 11/19 (57%), Gaps = 7/19 (36%) 
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Query 2 PAQ VAFBPYAPE 13 

PAQ V+F+PY PE 

Sbjct 308 PAQGNRQESTVSFNPYEPE 326 

> [j qi 1448916 Iprfl [1918215A protein Tyr kinase 
Length=630 

Score =28.6 bits (60), Expect = 30 

Identities = 9/19 (47%), Positives = 11/19 (57%), Gaps = 7/19 (36%) 

Query 2 PAQ VAFBPYAPE 13 

PAQ V+F+PY PE 

Sbjct 303 PAQGNRQESTVSFNPYEPE 321 

> H gi 1 1092813 |prf 1 | 2101280A p72syk protein 
Length=365 

Score = 28.6 bits (60), Expect = 30 

Identities - 9/19 (47%), Positives = 11/19 (57%), Gaps = 7/19 (36%) 

Query 2 PAQ VAFBPYAPE 13 

PAQ V+F+PY PE 

Sbjct 303 PAQGNRQESTVSFNPYEPE 321 

> C gi I 89061682 1 ref | XP__944591 . 1 1 H PREDICTED: similar to dynein, axonemal, heavy po! 
sapiens] 

Length=4107 

Score = 26.1 bits (54), Expect = 174 

Identities = 9/15 (60%), Positives = 9/15 (60%), Gaps = 4/15 (26%) 

Query 6 AFBP YAPEPGS 16 

AF P Y PEPGS 
Sbjct 3866 AFSPSGLYYTPEPGS 3880 



(3et sjetgcted sequences | Select all | Deselect ail J Tree View { 

Database: All non-redundant GenBank CDS translations+PDB+SwissProt+PlR+PRF excludi 
environmental samples 

Posted date: Jun 10, 2006 4:09 AM 
Number of letters in database: 1,269,795,892 
Number of sequences in database: 3,695,564 
Lambda K H 

0.346 0.288 1.79 
Gapped 

Lambda K H 

0.294 0.110 0.610 
Matrix: PAM30 

Gap Penalties: Existence: 9, Extension: 1 

Number of Sequences: 3695564 

Number of Hits to DB: 15358398 

Number of extensions: 349668 

Number of successful extensions: 1740 

Number of sequences better than 20000: 1713 
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Number of HSP's better than 20000 without gapping: 0 

Number of HSP's gapped: 1740 

Number of HSP's successfully gapped: 1740 

Length of query: 18 

Length of database: 12 69795892 

Length adjustment: 8 

Effective length of query: 10 

Effective length of database: 1240231380 

Effective search space: 12402313800 

Effective search space used: 12402313800 

T: 11 

A: 40 

XI: 15 (7.5 bits) 
X2: 35 (14.8 bits) 
X3: 58 (24.6 bits) 
SI: 38 (19.3 bits) 
S2: 38 (19.3 bits) 
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The Active Form of Tumor 
Necrosis Factor Is a Trimer* 

(Received for publication, December 1, 1986) 
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Albany, New York 12222 

Natural human and recombinant human and murine 
tumor necrosis factors (TNF) were fractionated by gel 
filtration chromatography on Sephadex G-75. The ac- 
tive form of TNF was identified by its inhibitory activ- 
ity in receptor binding assays with HeLa cells and was 
eluted as a protein of M T ~ 55,000. Radioiodinated 
human and murine TNF were fractionated by gel fil- 
tration into a major peak of M r ~ 55,000, correspond- 
ing to a trimer, and a minor peak of M r ~ 17,000, 
corresponding to a monomer. Binding assays showed 
that the trimer was at least 8- fold more active than the 
monomer. The human TNF partially dissociated into 
monomers upon addition of the nonionic detergent Tri- 
ton X-100. Isolated monomers showed low binding 
affinity (K D — 70 rm) and reduced cytotoxicity, 
whereas trimers showed high binding affinity (K D = 
90 pM) and cytotoxicity. When 125 I-TNF was bound to 
cells, no release of monomer was detectable, suggesting 
that the trimer could directly bind to cellular receptors 
without dissociating into subunits. Further evidence 
for such binding was obtained by cross-linking 12S I- 
TNF trimers with bis[2-(succinimidooxycarbonyl- 
oxy)ethyl]sulfone. These trimers were bound to HeLa 
cells, could be dissociated from cellular receptors, and 
elicited a cytotoxic response. These results show that 
trimers, whether native or cross-linked, bind to recep- 
tors and are the biologically active form of TNF. 



Recombinant or natural human tumor necrosis factor 
(hTNF) 1 purified from tissue culture supernatants or serum 
is under denaturing conditions a polypeptide of Af r 17,000 (1) 
or 17,500 (2), respectively. However, the biological activity of 
TNF has been recovered under nondenaturing conditions in 
proteins thought to consist of dimers or higher oligomers with 
M T values of 45,000 (1, 3) and 70,000 (4) for human TNF; 
35,000 (5), >70,000 (6), 150,000 (7), 70,000 (8), and 55,000 
(8, 9) for murine TNF; and 39,000 (10) or 55,000 (11) for 
rabbit TNF. 

Numerous reports demonstrate that TNF interacts with 
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cellular receptors (2, 12-14) and elicits cytotoxic (15-, 16) or 
growth regulatory responses (17, 18). It is not known, however, 
which form of TNF interacts with receptors. The goal of the 
present work was to examine whether hTNF and mTNF are 
under physiological conditions oligomers of defined size and 
to establish whether such oligomers directly bind to receptors. 
We report in this communication that TNF trimers bind to 
cellular receptors and elicit a cytotoxic response. 

MATERIALS AND METHODS 

Cytotoxicity Assay — HeLa S2 cells were grown in monolayer cul- 
tures in Dulbecco's medium supplemented with 10% heat- inactivated 
horse serum. For each assay, 4 X 10 5 cells were re suspended in 0.2 ml 
of culture medium containing 5 Mg/ml cycloheximide and the indi- 
cated concentrations of hTNF. After 18 h, the medium containing 
dead cells was removed and adherent cells were stained with 0.2% 
crystal violet in 2% ethanol (19). The dye was solubilized with 33% 
acetic acid, and the A^ was measured with a Titertek Multiscan 
(Flow Laboratories). Cytotoxicity was expressed as a percentage of 
the Amo of control cells that received cycloheximide alone. 

Iodination and Cross-linking — Recombinant hTNF and mTNF 
were radioiodinated using a solid-phase lactoperoxidase procedure 
(20) to a specific activity of 10-58 Ci/g. l25 I-hTNF was cross-linked 
with the bifunctional reagent BSOCOES (Pierce Chemical Co.); 209 
ng of 125 I-hTNF in 0.1 ml of 75 mM sodium phosphate buffer, pH 7.5, 
containing 0.05% BSA were reacted with 1 mM BSOCOES. After 10 
min at 4 °C, 0.01 ml of 1 M glycine in 0.1 M sodium phosphate buffer, 
pH 7.5, was added. 0.1 -ml samples were applied to a Sephadex G-75 
column (0.7 x 24 cm) equilibrated with 10 mM PBS, 0.1% BSA, and 
0.15-0.20-ml fractions were collected. 

Binding Assays — In competitive binding experiments, 0.3-0.5 ng 
of radioligand were incubated 5 h at 4 *C with 1 x 10 6 cells in 0.15 
ml of medium containing 5 mM MgCl 2 and 40 mM HEPES, pH 7.5, 
as previously described (20). In experiments designed to recover cell- 
bound radioligand, the binding assays were proportionately increased 
10-fold to 1.5 ml. Following binding, the cells were centrifuged at 4 °C 
and washed twice with 1 ml of PBS. To dissociate TNF-receptor 
complexes, 5 m1 of 6 m GdnHCl, 0.1 M sodium phosphate, pH 7.5, 
were added to 10 7 pelleted cells for 10 min at 4 °C. Lysed cells were 
diluted with 0.1 ml of 10 mM PBS, 0.1% BSA and centrifuged for 10 
min at 15,500 x g. The supernatants were chromatographed on 
Sephadex G-75 columns. Bindability was determined by incubating 
radioligands with graded amounts of excess cellular receptors, and 
the results were expressed as the maximum percentage of counts 
added that were specifically bound to HeLa S2 cells at 4 *C. 

Zonal Centrifugation Studies— 0.3 ng of 12fi I-hTNF and 0.5 mg of 
reference protein in 0.1 ml of PBS were layered on 5-20% linear 
sucrose gradients. The gradients were centrifuged for 24 h at 44,000 
rpm in an SW 50 rotor at 5 °C, and fractions containing 4 drops were 
collected. Ovalbumin (Af r = 45,000) and BSA (M t = 66,000) were 
used as reference proteins. 

RESULTS 

Gel filtration on Sephadex G-75 was used to determine the 
M T value of native TNF and to establish whether iodination 
altered its size. Accordingly, the elution profiles of native 
hTNF and mTNF were compared with those of l25 I-hTNF 
and l25 I-mTNF (Fig. 1). Since small amounts of TNF were 
chromatographed in the presence of carrier protein, the TNF 
was localized by its inhibitory activity in receptor binding 
assays. Both recombinant TNF eluted as a single major peak 
(Fig. 1A). The elution profile of natural hTNF (a gift of Dr. 
Walter Fiers, University of Ghent) was indistinguishable from 
that of recombinant hTNF (data not shown). Radioiodinated 
hTNF and mTNF eluted as a major peak {§1) in correspond- 
ing fractions, followed by a minor peak (#2) and free l25 I (Fig. 
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Fig. 1. Gel filtration on Sephadex G-75 of native hTNF and 
mTNF. A, 100 ng of hTNF (•) or mTNF (■) in 0.1 ml were 
chromatographed as described under "Materials and Methods." Ali- 
quots of each fraction were assayed for inhibition of 1Z5 I-hTNF 
binding on HeLa cells. B, 0.1 -ml samples containing 15,000 cpm of 
1Z5 I-hTNF (•) or 125 I-mTNF (■) were chromatographed on the same 
column and the fractions were counted in a gamma counter. The void 
volume is indicated by an arrow. The inset shows the elution positions 
of peaks §1 and §2 with respect to proteins of known molecular size: 
a, cytochrome c; 6, carbonic anhydrase; c, ovalbumin; and d, bovine 
serum albumin. 

IB). Comparison of the elution volumes of peaks 1 and 2 with 
those of proteins of known size (Fig. 1, inset) gave M r ~ 55,000 
and 17,000, respectively, corresponding to a trimer and a 
monomer. This interpretation was confirmed by zonal sedi- 
mentation studies using 125 I-hTNF in isokinetic 5-20% su- 
crose gradients (21). The major peak sedimented as a globular 
protein of M T = 54,650 ± 2,340 in three independent analyses. 

The TNF in the monomer peak appeared to compete poorly 
in the receptor binding assay, since it was not detected in the 
chromatogram shown in Fig. LA. To confirm this finding, l25 I- 
hTNF trimer and small amounts of monomer were isolated 
by gel filtration. 10,000 cpm of each fraction were tested for 
binding to HeLa cells; 1,180 ± 90 cpm of trimer were bound 
in a standard assay, whereas only 140 ± 20 cpm of monomer 
were specifically bound. In subsequent experiments, the bio- 
logical activity of trimer and monomer was compared in 
cytotoxicity assays. Since monomer was recovered in rela- 
tively small amounts in physiological solutions, different pro- 
cedures were tried to obtain sufficient quantities of this 
species. It was thus found by gel filtration analysis that 125 I- 
hTNF trimer partially dissociated upon addition of low con- 
centrations of the nonionic detergent Triton X-100. This 
dissociation was dependent on hTNF concentration, since the 
monomer/trimer ratio increased at low hTNF concentration 
(Fig. 2). Monomers were separated from trimers by gel filtra- 
tion in a Sephadex G-75 column (0.7 X 24 cm) pre -equilibrated 
with either PBS, 0.1% BSA for binding assays or culture 
medium for cytotoxicity assays. Triton X-100 was not de- 
tected (22) in the trimer or monomer peak, but was eluted at 
a greater column volume than hTNF monomer. In separate 
experiments (data not presented), it was shown by gel filtra- 
tion analysis that hTNF monomers (—1 ng/ml) prepared in 
this manner quantitatively reassociated to trimers when the 
concentration of hTNF was increased 500-fold by adding 
unlabeled hTNF. Therefore, hTNF trimers can be dissociated 
by the addition of Triton X-100 into monomers, which are 
relatively stable in dilute solutions but readily reassociate to 
trimers when the hTNF concentration is raised. 

Pooled fractions of hTNF trimer and monomer were sub- 
sequently compared in competitive binding and cytotoxicity 
assays on an equal counts/min basis. The monomer fraction 




10 IOO IOOO 

TNF (ng/mL) 

Fig. 2. Concentration dependence of the dissociation of 120 I- 
hTNF by 0.1% Triton X-100. Increasing quantities of 125 I-hTNF 
were incubated for 10 min at 22 *C in a total volume of 0.1 ml 
containing 0.1% Triton X-100, 0.1% BSA, 20 niM PBS, pH 7.5, and 
were applied to a Sephadex G-75 column (0.7 x 24 cm) equilibrated 
at 4 *C with PBS, 0.1% BSA. 0.15-ml fractions were collected. The 
trimer and monomer recovered are expressed as a ratio of the counts/ 
min in the respective peaks. 




Fig. 3. Competitive binding and cytotoxicity assays com- 
paring 12tv I-hTNF monomer and trimer fractions. Trimer (A) 
and monomer (•) fractions were isolated by gel filtration as described 
in the legend to Fig. 2. A, 30,000 cpm of each fraction were incubated 
for 5 h at 4 W C with 10 6 HeLa cells and various concentrations of 
unlabeled hTNF in a total volume of 0.15 ml (see "Materials and 
Methods"). B,8x 10 4 HeLa S2 cells were grown in monolayers in 
96-well plates with 5 //g/ml cycloheximide and the indicated cpm /ml 
of TNF monomer (•) or trimer (▲). After 18 h the culture medium 
containing dead cells was removed, and the adherent cells were 
stained as described under "Materials and Methods."* Results are 
expressed as a percentage of the control cells incubated with cyclo- 
heximide alone. Inset, binding data are shown as Sc ate hard plots with 
nonspecific binding subtracted; 51,300 was used as the molecular 
weight for TNF. 

showed low binding activity and cytotoxicity compared to the 
trimer fraction. Binding of monomer was about 5.5 -fold lower 
than that of trimer, as determined in competition binding 
assays (Fig. 3A). Scatchard plots of these data showed that 
the trimer was bound with a K D — 90 pM, whereas only a 
small component of the monomer fraction was bound with 
such high affinity (Fig, 3A, inset). Most of the monomer was 
bound with low affinity (K D = 70 nM). It seems unlikely that 
this binding has biological relevance, since 50% cytotoxicity 
of HeLa cells is observed with 2 pM hTNF (20). In parallel 
cytotoxicity assays, a monomer concentration 6-7- fold greater 
than that of trimer was needed to elicit the same biological 
response when tested at low concentrations (Fig. 3B). How- 
ever, at the highest concentrations tested, the cytotoxicity of 
monomer was nearly equivalent to that of trimer. Rechro- 
matography of the monomer fraction at the end of the incu- 
bation period showed the presence of about 10% trimer (data 
not shown), which could account for both the small compo- 
nent binding with high affinity and for the cytotoxicity at the 
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highest concentrations tested. These results indicated that 
hTNF trimer binds with higher affinity to receptors and has 
greater cytotoxic activity than hTNF monomer. 

In the following experiment, we examined whether hTNF 
dissociates into monomers upon binding to receptors. A bind* 
ing assay was carried out at 4 °C with low ia5 I-hTNF concen- 
tration, and the supernatant obtained after spinning out the 
cells was analyzed by gel flit ration. The trimer peak was 
reduced in proportion to the ^I-hTNF bound to the cells, 
but no increase in the monomer peak could be detected (Fig. 
44). This result suggested that hTNF trimers could directly 
bind to receptors, but it could not be excluded that monomers 




FiO. 4. Gel nitration of native and cross-linked l25 I-hTNF 
on Sephadex G-75. A f 0.2-ml aliquot^ of pre-binding (W) and post- 
binding <#) cell-free supemataits containing 91,460 and 83,060 cpm, 
respectively* were compared by gel nitration m a Sephadex 
column (0,7 x 25 cm). 10,000 cpm of m LhTNF were incubated per 
10* HeLa ceils for 4 h at 4 *C. The cells were centrifuged at 15,500 x 
g for SO a, and the supernatant was immediately applied to the column. 
The difference in peak areas represents TNF bound to cells, B™E> gel 
filtration in a different Sephadex G-75 column (0.7 x 24 cm), B and 
C, 20,000 cpm of BS0COES- m l-hTNF (B) or ias l-hTNP (€) in 5 M J 
were mixed with an equal volume of 6 M GdnHCl. After 10 min f 85 
til of column buffer and 5 jd of glycerol were added, and the sample 
was applied to the column. D t 40 & of ia *I-hTNF in PBS, 0.1% BSA 
were mixed with 40 #1 of 6 M GdnHCl and after 10 min at room 
temperature was dialyzed for 24 h at 4 *C against PBS, 0,1% BSA 
and 20 juM 2-mercaptoethanol before chromatography. E t 4 x l(f 
HeLa cells with bound BSOCOES^LhTNF £6,760 cpm) were 
washed with FBS and then treated with 10 *d of 3 M GdnHCi to 
dissociate hound TNF. After 10- min centrifugation at 15,500 x g to 
remove cellular debris, 0.1 ml of supernatant containing 2,300 cpm 
and 5% glycerol was applied to the column. The inset shows an 
eleetrophoretic analysis of I2S LhTNF (monomer) and of peak frac- 
tions recovered from the ehromatograms in B and E containing cross- 
linked trimers and dinners, M r markers are indicated on the left 




Fig. 5. Competitive binding assays comparing cross-linked 
and native hTNF, 18,000 cpm of ls *I-hTNF (•) or BSOCOES- W I- 
hTNF m) were incubated with 10* HeLa cells and unlabeled hTNF 
as described under "Materials and Methods," 



or dimers were binding and that the suhunits released were 
reassociating into trimers. Therefore, to demonstrate that 
trimers can hind to ceils and have biological activity, the 
hTNF was cross-linked to prevent its dissociation. 

The I25 f-hTNF was reacted with the cross-linking reagent 
BSOCOES and compared to control ,3 *I-hTNF by gel filtra- 
tion chromatography, binding to HeLa cell receptors, and 
cytotoxicity assays. The cross-linked 125 I-hTNF eluted with 
Mr ~ 55,000 even after treatment with 3 M GdnHCl (Fig. 48). 
This demonstrated that cross-linking stabilized hTNF against 
dissociation. In contrast, 85% of the control l ~*l-hTNF treated 
with 3 M GdnHCl eluted with an M t - 17,000 (Fig. 4C). This 
dissociation was in large part reversible, since after dialysis 
S2& I-hTNF eluted as a trimer (Fig, 4Z>). These experiments 
showed that hTNF cross-linked with BSOCOES is a trimer 
resistant to dissociation by relatively strong denaturing re- 
agents, such as GdnHCl. However, drastic denaturing treat- 
ment of the cross-linked trimer, such as boiling in 1% sodium 
dodecyl sulfate under reducing conditions, resulted in partial 
dissociation into dimers and monomers, as judged by gel 
electrophoresis (Fig. 4 ? imet), 

A binding assay carried out with cress-linked hTNF showed 
that it could bind to TNF receptors of HeLa cells, These ceils 
were treated with 3 M GdnHCl to release bound BSOCOES- 
m I-hTNF, and the supernatant was analyzed by gel filtration. 
A single peak of radioactivity was present (Fig, 4E) t demon- 
strating that the bound hTNF could be eluted from HeLa cell 
receptors as a trimer. In order to determine whether cross- 
linking or acylation of amino groups had altered its binding 
to cell receptors, BSOCOES- m I-hTNF was compared with 
125 I-hTNF in competitive binding assays (Fig, 5), Since 
BSOCOES- t3S I-hTNF had lower bindability (39% compared 
to 45% for 125 I-hTNF), equivalent amounts of bindable radi- 
oligands were added. The binding of both ligands was inhib- 
ited in a parallel manner by unlabeled hTNF, but only half 
as much unlabeled hTNF was required for 50% competition 
of BSOCOES-^I-hTNF. This indicated that chemical 
changes introduced by the cross-linking reagent resulted in 
partial loss of binding activity. However* binding was 90% 
specific for both ligands. In agreement with the loss of binding 
activity, the cytotoxicity of BSOCOES- ,Z5 I-hTNF for HeLa 
cells was on average 4>5-fold less than that of control 
hTNF. A similar 5- .10* fold decrease in cytotoxicity of BSO- 
COES- 125 ! -hTNF was observed in experiments with SK- 
MEL-109 melanoma cells (data not shown). These results 
with cross-linked TNF confirmed the findings with native 
TNF by showing that stable TNF trimers bind to cellular 
receptors and elicit a biological response* 

DISCUSSION 

Natural human TNF, recombinant hTNF and mTNF, and 
cross-linked m I-hTNF coeiute in gel filtration under nonde- 
naturing conditions as a major peak with an apparent M t ~~ 
55,000 (Figs, 1 and 4). The formation of homotrimers from 
17,100 monomers (1) gives a predicted M f ™ 51,300, which is 
in fairly good agreement with the M t value obtained from gel 
filtration or zonal sedimentation. Furthermore, after cross- 
linking ,J »I-hTNF with BSOCOES, radioactive bands corre- 
sponding to trimers, dimers, and monomers are observed by 
gel electrophoresis. Cross-linking data for other oligomeric 
proteins similarly show that incompletely cross-linked horn- 
otrimers may be dissociated into monomers and dimers (23). 
Therefore, three lines of evidence indicate that natural and 
recombinant TNF exist predominantly as a trimer under 
physiological conditions. 

Gel filtration analyses show that monomers are present as 
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a small component of radioiodinated TNF (Fig. 1). The iso- 
lated monomers are only 12% as active as trimers in binding 
assays. Furthermore, 125 I-hTNF can be dissociated into mon- 
omers by several treatments, such as a short incubation at 
pH 3.O. 2 Several reports have indicated that the biological 
activity of TNF is pH -sensitive (6, 9, 11, 24), Treatment with 
3 M GdnHCl also dissociates 12S I-hTNF (Fig. 4C). Of partic- 
ular interest is the finding that low concentrations of the 
nonionic detergent Triton X-100 partially dissociate hTNF 
into monomers (Fig. 2), suggesting that weak hydrophobic 
interactions may be responsible for stabilizing the trimers 
(25). Dissociation by Triton X-100 can be used in combination 
with gel filtration chromatography to obtain monomer and 
trimer fractions for competitive binding and cytotoxicity as- 
says. 

These 12& I-hTNF monomers show low receptor binding 
activity when compared to trimers. Monomer binding is char- 
acterized by high and low affinity components. The high 
affinity component is the same as that observed for the trimer, 
but rechromatography of monomer fractions shows the pres- 
ence of some trimers. Therefore, small amounts of contami- 
nating trimers may account for the high affinity binding 
component. In contrast, the trimer exhibits a single high 
affinity binding and greater cytotoxicity than monomer. At 
low concentrations, the cytotoxicity of the monomer fraction 
is 6-7-fold less than that of the trimer, but at higher concen- 
trations monomer cytotoxicity becomes equivalent to that of 
trimer. This finding may be explained by the reassociation of 
monomers into active trimers. Other reports suggest that TNF 
monomers and oligomers are all active (1, 4, 12, 26). 

The most direct evidence that hTNF trimer is biologically 
active comes from experiments wherein 126 I-hTNF is cross- 
linked with BSOCOES. The cross-linked hTNF binds to 
receptors (Fig. 5) and is cytotoxic. Moreover, cross-linked 
hTNF trimers are recovered after binding to cells (Fig. 4E). 
In view of the remarkably low concentrations of hTNF that 
are biologically active in cytotoxicity assays (27), we are lead 
to speculate that these trimers may interact simultaneously 
or sequentially with more than one receptor. A possible result 
of such multiple interactions may be a heightened effective 
concentration at the cell surface (28). Furthermore, simulta- 
neous binding to neighboring receptors might favor the inter- 
action of the cytoplasmic domain of receptors (29) and either 
trigger or amplify the as-yet unknown signaling mechanism 
of the TNF receptor. In addition, dissociation of TNF into 
monomers at low concentrations may have some physiological 
relevance in the action of this factor. Since the monomer 
appears to be less active than the trimer, this dissociation 
may limit some of the deleterious effects of TNF (30) at sites 
remote from those where it is produced in high amounts by 
macrophages (31). 
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The tumor necrosis factor (TNF) receptor of HeLa 
cells was solubilized in Triton X- 100 and characterized 
by gel filtration, affinity labeling, and ligand blotting 
studies. Receptors solubilized with Triton X-100 eluted 
in gel filtration as a major peak of M r = 330,000 and 
retained high affinity binding (K n = 0.25 nM). Affinity 
labeling of soluble receptor/ 125 I-TNF complexes using 
the reversible, bifunctional bis[2-(succinimidooxycar- 
bonyl-oxy)ethyl]sulfone resulted in the formation of 
cross-linked species of M T = 310,000, 150,000- 
175,000, 95,000, and 75,000. The formation of these 
complexes was competitively inhibited by unlabeled 
TNF. Partial reversal of cross-linking in these com- 
plexes and their analysis by two-dimensional sodium 
dodecyl sulfate- poly aery lamide gel electrophoresis 
(SDS-PAGE) resolved 125 I-TNF dimers cleaved from 
the 95,000 band and iao I-TNF monomer cleaved from 
the 75,000 band, providing evidence for aM, ~ 60,000 
subunit. In addition, the 95,000 and 75,000 bands 
were resolved as components of larger complexes (M r 
= 150,000-175,000), which presumably contain two 
receptor subunits. The M T 95,000 and 75,000 bands 
were also released from the M T 310,000 complex by 
reduction with dithiothreitol, suggesting a role for di- 
sulfide bond stabilization. To investigate the associa- 
tion of the putative receptor subunits, Triton X-100 
extracts from HeLa membranes were fractionated by 
SDS-PAGE without reduction and transferred electro- 
phoretically to nylon membranes for TNF binding as- 
says. Only two bands of M T = 60,000 and 70,000 
specifically bound TNF, and higher M T binding activity 
was not observed. These results indicate that TNF 
receptors in HeLa cells are high molecular weight com- 
plexes containing M T = 60,000 and 70,000 subunits 
each capable of binding TNF and that the complexes 
are primarily stabilized by non-covalent, hydrophobic 
interactions. 



Tumor necrosis factor (TNF) 1 was initially identified as a 
mediator causing hemorrhagic necrosis of certain transplant- 
able tumors in mice that had been primed with bacillus 

"This work was supported by Public Health Service Grant 
CA29895 of the National Institutes of Health. The costs of publication 
of this article were defrayed in part by the payment of page charges. 
This article must therefore be hereby marked "advertisement" in 
accordance with 18 U.S.C. Section 1734 solely to indicate this fact. 

% Supported by a postdoctoral fellowship of the Cancer Research 
Institute, New York, NY. 

1 The abbreviations used are: TNF, human tumor necrosis factor; 
BSOCOES, bis[2-(succinimidooxycarbonyloxy)ethyl]sulfone; DSS, 
disuccinimidyl suberate; DTT, dithiothreitol; HEPES, 4-(2-hydroxy- 
ethyl)-l-piperazineethanesulfonic acid; PEG, polyethylene glycol; 
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Calmette-Guerin and subsequently challenged with endotoxin 
(1). Studies in different cell lines have identified diverse 
actions for this cytokine including inhibition of lipoprotein 
lipase in adipocytes (2), induction of class I major histocom- 
patibility antigens in endothelial cells and fibroblasts (3), 
growth stimulation of fibroblasts (4, 5), increased expression 
of epidermal growth factor receptors in fibroblasts (6), prolif- 
eration and activation of the c-myc oncogene in osteosarcoma 
cells (7), and bone resorption in osteoclasts (8, 9). TNF 
induces synthesis of plasminogen activator inhibitors (10), 
superoxide dismutase (11), and production of other cytokines, 
such as interleukin-1, macrophage colony- stimulating factor, 
and granulocyte- macrophage colony-stimulating factor (12). 
These and other cellular responses indicate that TNF has a 
major role as a mediator of inflammation (13) and endotoxic 
shock (14). 

Cellular responses to TNF are mediated through binding of 
TNF to specific cell surface receptors (15). Human TNF forms 
stable trimers in solution (16, 17) that contain identical 
polypeptides of M T 17,350 (18). The trimeric form of TNF 
binds to receptors (19) that are characterized by a single class 
of high affinity binding sites (20, 21). After binding to recep- 
tors, TNF is internalized and degraded (22-24). 

Structural information about the TNF receptor has been 
provided by affinity labeling studies (25-30). These data are 
difficult to interpret in terms of receptor structure because 
cross-linked TNF itself is resolved by SDS-PAGE into tri- 
mers, dimers, and monomers (19), leaving the interpretation 
of cross-linked TNF- receptor complexes equivocal (20). In 
this report are presented the results of studies on the structure 
of TNF receptors of HeLa cells. Cell membranes were solu- 
bilized with detergent and the relative molecular mass (M r ) 
of soluble receptor preparations was determined by gel filtra- 
tion chromatography. To investigate the receptor structure, 
cross-linked TNF was used in combination with a reversible 
cross-linking agent to detect TNF monomers, dimers, and 
trimers bound to receptor subunits. A possible role for disul- 
fide bonds in stabilizing complexes of M T 310,000 was inves- 
tigated. Evidence is presented that receptors contain two 
polypeptides that bind TNF. 

MATERIALS AND METHODS 

Preparation and Solubilization of Cell Membranes — HeLa S2 cells 
were grown to a density of 5-7 X 10* cells/ml in spinner cultures in 
Joklik's medium (GIBCO) with 7% horse serum. The cells were 
collected and washed in cold phosphate-buffered saline by centrifu- 
gation at 300 X g. In subsequent steps performed at 0-4 "C, 10* cells 
were suspended for 10 min in 5 ml of hypotonic phosphate -buffered 
saline (PBS diluted 1:20) and broken with a Dounce homogenize r, 5 
ml of 0.5 M sucrose, 2 mM EDTA, 0.004% 2-mercaptoethanol, and 40 
mM HEPES buffer, pH 7.5, were added. Concentrated protease in- 
hibitors were added to homogenates to obtain a final concentration 
of 5 Mg/ml pepstatin A, 50 /ig/ml aprotinin, 0.1 mM benzamidme, and 
0.1 mM phenylmethylsulfonyl fluoride. Following a centrifugation at 
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1,500 x g for 10 min to remove unbroken cells and nuclei, superna- 
tants were centrifuged at 20,000 X g for 60 min over 10 ml of 35% 
(w/w) sucrose in 20 mM HEPES, pH 7.5, containing protease inhib- 
itors. The membranes retained at the interface were diluted 10-fold 
in this buffer without sucrose and were centrifuged again at 27,000 x 
g for 30 min. The pellets obtained were resuspended in 10% glycerol, 

2 mM MgCl 2 , 20 mM HEPES, pH 7.5, at a protein concentration of 
8-12 mg/ml and stored at —60 *C. To solubilize the membranes, we 
added 0.5 g of Triton X-100/g of protein and protease inhibitors, as 
indicated above. After 10 min, insoluble material was removed by 
centrifugation at 150,000 X g for 30 min. 

Gel Filtration— An Ultrogel AcA34 column (1.6 x 87 cm) was 
equilibrated at 4 °C with 0.1% Triton X-100, 5 mM MgCla, 50 mM 
Tris, pH 7.5. Samples of solubilized membranes or reference proteins 
were applied to the column in 1 ml. The following proteins with 
molecular weights (Af r ) in parenthesis were used to calibrate the 
column: apoferritin (443,000), 0-amylase (200,000), alcohol dehydro- 
genase (150,000), bovine serum albumin (66,000) and carbonic an- 
hydrase (29,000). 

Biotinylation and Iodination of TNF — TNF was biotinylated and 
radiolabeled in the same reaction vessel. Briefly, 10 Mg of TNF in 50 
y\ of 0.1 M sodium phosphate buffer, pH 7.5, was reacted with 0.1 
mM sulfosuccinimidyl 6-(biotinamido) hexanoate (Pierce Chemical 
Co.) for 30 min at 4 °C. The biotinylation was quenched by addition 
of glycine to 10 mM. For radiolabeling of either TNF or biotinylated 
TNF (bio-TNF), iodinations were carried out as previously described 
(25). 10 Mg of TNF was reacted with 2 mCi of Na m I using a solid- 
phase lactoperoxidase procedure, and radioligands were purified by 
gel filtration. 

Radioligand Binding Assays— Either 128 I-TNF or l26 I-bio-TNF was 
bound to HeLa cells using the procedures previously described (25) 
or as indicated in figure legends. For binding in membrane assays, 1 
ng of ,25 I-TNF was incubated for 5-10 h at 4 "C with an aliquot of 
membrane suspension (0.1 mg of protein) in 0.1 ml of 0.1 M sucrose, 
5 mM MgCl 3 , 0.1% bovine serum albumin, and 25 mM HEPES buffer, 
pH 7.5. Membrane incubates were centrifuged at 15,000 X g for 10 
min, and supematants were removed. For soluble binding assays, 1- 

3 ng of !25 I-TNF was incubated at 4 *C with 0.05-0.2 ml of soluble 
receptor preparation in 0.1-0.3-ml reactions containing 25 mM 
HEPES buffer, pH 7.5, 5 mM MgCl 2 , 0.1% bovine serum albumin and 
0.1% Triton X-100. After 8-18 h, 0.4 mg bovine 7-globulin (Sigma) 
and polyethylene glycol 6000 (PEG; final concentration 8%) were 
added to each incubation. Precipitates were allowed to form for 10 
min at 4 "C before centrifugation at 15,000 x g for 10 min. The PEG- 
precipitates and membrane pellets were counted in a gamma counter. 
Specific binding was determined by subtracting counts precipitated 
in the presence of 100-fold excess unlabeled TNF. 

Cross-linking and Gel Electrophoresis — BSOCOES and disuccin- 
imidyl suberate (DSS, Pierce Chemical Co.) were prepared as 100- 
fold concentrated solutions in dimethyl sulfoxide and added at the 
final concentrations indicated to samples buffered with 50 mM 
HEPES or 0.1 M sodium phosphate buffer, pH 7.5. After 10 min at 

4 °C, glycine in 0.1 M sodium phosphate buffer, pH 7.5, was added to 
a final concentration of 0.1 M, and the reactions were continued for 
an additional 10 min. SDS-PAGE (31) was performed in 4-8% linear 
gradient gels, unless otherwise indicated. Before first dimension elec- 
trophoresis, cross-linked proteins were heated at 100 °C for 3 min in 
2% SDS, 10% glycerol, and 60 mM Tris, pH 6.8 (sample buffer), with 
or without 50 mM dithiothreitol (DTT). Before second dimension 
electrophoresis, excised lanes from first dimension gels were incu- 
bated for 1 h at 37 Q C in buffer containing 0.1% SDS, 2 mM dithio- 
threitol, 6 M urea, 0.125 M Tris, pH 11.6, to reverse BSOCOES cross- 
linking (32). These acrylamide strips were then equilibrated in sample 
buffer for 1 h at 37 °C before the second dimension SDS-PAGE. 
Materials for SDS-PAGE including reference proteins were from Bio- 
Rad. 

Transfer to Nylon Membrane and Ligand Blotting — 0.4 mg of 
protein solubilized with Triton X-100 from membranes were applied 
per lane in buffer containing 1% SDS, 10% (w/v) glycerol, and 60 
mM Tris, pH 6.8, at 4 "C. SDS-PAGE was at a constant current of 
25 m A/gel and 4 °C in 4-8% gradient gels. Electrophoretic transfer 
was at 4 °C for 3 h starting at 0.4 amp as described (33). Individual 
strips of nylon membrane (GeneScreen Plus, Du Pont) corresponding 
to lanes during SDS-PAGE were incubated with 1% hemoglobin in 
phosphate- buffered saline before addition of 10 ng of l25 I-TNF/ml for 
4 h at 4 °C in the absence or presence of 100-fold excess unlabeled 
TNF. Prestained reference proteins (Bethesda Research Laborato- 
ries) were also transferred. 



RESULTS 

Solubilization and Fractionation of TNF Receptors — HeLa 
cell membranes were solubilized with Triton X-100, and con- 
ditions were found which yielded an optimal recovery of TNF 
binding activity. The 125 I~TNF-receptor complexes formed in 
incubations with solubilized membranes were coprecipitated 
with bovine 7-globulin using different concentrations of PEG. 
By varying the concentration of both Triton X-100 and PEG, 
optimal conditions for assay of TNF binding activity were 
determined. The highest TNF binding activity was recovered 
using 0.5 g of Triton X-100/g of membrane protein. Concen- 
trations of Triton X-100 greater than 0.1% in the binding 
assay had an inhibitory effect. Specific binding at 4 °C in this 
assay reached a plateau after 12 h and was stable up to 22 h. 
Nonspecific coprecipitation of TNF with bovine y-globulin 
and PEG ranged from 20-60% and was subtracted to arrive 
at specific binding. The K D in Triton X-100 extracts from 
HeLa membranes ranged from 300 to 1400 pM with 150-200 
fmol of receptor/mg protein. This compared favorably with 
HeLa membranes which reached maximum binding at 4 *C 
after 8 h, exhibited K D ranging from 50 to 350 pM, and 
contained 50-80 fmol of receptor/mg protein. Solubilized 
membrane proteins were fractionated by gel filtration (Fig. 
1). The binding activity eluted from an Ac A 34 Ultrogel 
column in a main peak of M, — 330,000, followed by two 
shoulders of M, = 175,000 and 90,000, when compared with 
globular reference proteins. To determine if the M r 330,000 
fraction bound TNF with high affinity, aliquots from this 
peak were tested in competitive binding assays (Fig. 2). Analy- 
sis of the binding data using the curve- fitting LIGAND pro- 
gram (34) and Scatchard plot (inset) were consistent with a 
binding constant K D — 0.25 nM and 1.5 pmol of receptor/mg 
protein. These results indicated that high affinity receptors 
eluted in the M r 330,000 peak. 




20 30 
Froction number 

Fig. 1. Gel filtration of Triton X-100 extract from HeLa 
membranes. HeLa cell membranes (22 mg) prepared as described 
under "Materials and Methods" were solubilized with 0.5% Triton 
X-100 and applied to an Ultrogel AcA34 column (1.5 X 87 cm) 
equilibrated at 4 °C with 0.1% Triton X-100, 5 mM MgCl 2 and 50 mM 
Tris buffer, pH 7.5. Duplicate 0.2-ml aliquots from the column frac- 
tions (3.1 ml) were monitored for TNF binding using the PEG 
precipitation assay in the presence and absence of 100-fold excess 
unlabeled TNF. Nonspecific binding was 20% of the total counts 
added (40,000). These results are representative of multiple column 
runs. Globular proteins of known M r were used to calibrate the 
column: A, apoferritin; B, £- amylase; C, alcohol dehydrogenase; D, 
bovine serum albumin; and E f carbonic anhydrase. The molecular 
mass is indicated in kDa above the arrows that show the peak elution 
fraction for each marker protein. 
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Fig. 2, Competitive binding in the M T gel filtration peak. 

Aliquots containing 40 Mg of protein from the M r 330,000 peak tube 
(see Fig. 1 ) were incubated 18 h at 4 a C with 3 ng of m I-TNF (240,000 
cpm) in the presence or absence of the indicated concentrations of 
unlabeled TNF. The incubates were precipitated by the addition of 
0.4 mg of bovine ^-globulin and PEG to a final concentration of 8%. 
Scat chard plot (inset) and analysis of binding data using the LI G AND 
program (34) indicated the data were fit by a one -site model (Kb — 
250 ±675 pM,p>0.05). 

Affinity Labeling of High M T Ligand- Receptor Complexes — 
Our earlier experiments (25) indicated that high M T cross- 
linked iigand-receptor complexes were recovered at low con- 
centration and that some form of enrichment would be nec- 
essary to study them. To accomplish this, receptor- m I-TNF 
complexes were formed on HeLa membranes in the presence 
and absence of excess unlabeled TNF, and the membranes 
were solubilized and fractionated by gel filtration. Peak frac- 
tions were pooled (Fig. 3), cross-linked with BSOCOES, and 
analyzed by SDS-PAGE (Fig. 3, inset). Using this protocol, a 
high M T complex (310,000) and lower M t bands (95,000 and 
75,000) were affinity labeled (pool 1). These complexes were 
absent when competitor was included in the initial binding 
reaction (pool 2), indicating that the high M t complexes were 
formed by specific binding of m I-TNF to receptors. 

Binding of Cross -linked TNF and Analysis of TNF-Receptor 
Complexes by Reversal of Cross-linking — Earlier experiments 
had shown that TNF trimers could be stabilized against 
dissociation by introducing cross-links between TNF subunits 
(19), This approach was used for studying the association of 
cross-linked TNF and cell surface receptors. The 125 I-TNF 
was reacted with 1 mM DSS to introduce limited cross-linking 
such that SDS-PAGE resolved DSS- l25 I-TNF into monomers, 
dimers, and small amounts of trimers. Cross-linked 126 I-TNF 
was bound to HeLa cells with a Ko similar to that of untreated 
m I-TNF, since their binding was identically competed by 
unlabeled TNF (Fig. 4). 

Covalent bonds with BSOCOES can be cleaved at pH 11.6 
(32), whereas cross-links with DSS are resistant. These prop- 
erties were used in combination with two-dimensional SDS- 
PAGE to examine the subunit structure of the receptor. For 
these experiments, complexes of DSS- 125 I-TNF with receptors 
were formed on HeLa cells at 4 °C. After cross-linking with 
BSOCOES, cell membranes were prepared and solubilized in 
2% SDS and 50 mM DTT at 100 *C. An autoradiograph 
showing the separation by SDS-PAGE of these affinity la- 
beled proteins is above the autoradiograph of the second 
dimension SDS-PAGE in Fig. 5. The first dimension gel 
separates free 125 l-DSS-TNF into monomers (M), dimers (£>), 
and trimers ( T) and separates the covalent products formed 
between TNF and the receptor. For the cross-link reversal 
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Fig. 3. Affinity labeling of high M r TNF-receptor com- 
plexes on cell membranes. A, membranes from 1.3 x 10 8 HeLa 
cells were incubated in 4 ml for 5 h at 4 "C with 15 ng of i26 I-TNF in 
the presence and absence of 100-fold excess unlabeled TNF. The 
membranes were centrifuged to remove unbound TNF, and mem- 
brane pellets were solubilized with Triton X-100. Aliquots (0.1 ml) 
from total binding (•) and nonspecific binding (■) assays were 
applied to an AcA34 column (0.7 x 28 cm) equilibrated in 0.1% Triton 
X-100, 5 mM MgCl 2 , and 50 mM HEPES, pH 7.5. Fractions (0.2 ml) 
were collected, and 0.04-ml aliquots from corresponding fractions 
were counted. £, fractions 18-22 were pooled, cross- linked with 2 mM 
BSOCOES for 10 min at 4 *C and compared on an equal protein 
basis by SDS-PAGE (nonreductng) and autoradiography (inset); 1 
shows the total binding pool and 2 the pool of nonspecific binding. 
Arrows, from top to bottom, indicate cross- linked complexes corre- 
sponding to M T = 310,000 ± 5,000 (n = 5), 95,000 ± 1,000 (n * 9), 
and 75,000 ± 1,200 (n — 9). The positions of the reference proteins 
myosin (200,000), £-galactosidase (116,250), phosphorylase B 
(97,400), bovine serum albumin (66,200), and ovalbumin (42,699) are 
indicated. 
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Fig. 4. Binding of DSS-eross-Hnked 128 I-TNF and 12 *I-TNF 
to HeLa cells. 1 ng of each protein was incubated with 10 6 HeLa 
cells in 0.1 ml for 5 h at 4 a C in the presence or absence of increasing 
concentrations of unlabeled TNF. Mean total (n — 3) and nonspecific 
binding (n = 2) with 100-fold excess unlabeled TNF were 9729 and 
2045 cpm for DSS- m l-TNF (■), 9478 and 1911 cpm for 1S5 I-TNF 
(•), respectively, 

experiments, duplicate first dimension gels were incubated in 
reversal buffer (see "Materials and Methods"), re-equilibrated 
in sample buffer, and electrophoresed into the second dimen- 
sion. Due to the partial reversal of cross-linking, where cross- 
linked TNF trimers are initially present in the first dimension 
gel, trimers, dimers, and monomers are resolved in the second 
dimension gel; and where dimers are initially present, dimers 
and monomers are found in the second dimension. The prod- 
ucts derived from the 75,000 band (labeled B) are a M f 75,000 
spot on the diagonal and TNF monomer. This indicates that 
the M t 75,000 band contains TNF monomer cross-linked to a 
putative receptor subunit of M T ~ 60,000. Similarly, the M, 



B-206 



TNF Receptor 



14649 



M r x 10 



-3 




Fig, 5. Cross-linking reversal in two-dimensional SDS- 
PAGE. TNF- receptor complexes were formed by incubating 0.5 ng 
of DSS- 126 I-TNF/10 6 HeLa cells in 0.1 ml for 4 h at 4 *C. Bound TNF 
was cross-linked to the cells with 2 mM BSOCOES. Membranes were 
prepared and extracted at 100 °C in SDS-PAGE sample buffer with 
50 mM DTT. Following electrophoresis in a 4-12% gradient gel, one 
lane from the first dimension gel was fixed and stained. The corre- 
sponding autoradiograph and reference marks are mounted horizon- 
tally above the second dimension autoradiograph. Before the second 
dimension electrophoresis, a duplicate lane from the first dimension 
gel was soaked in cross-link reversal buffer (see "Materials and 
Methods' 1 ). The positions of TNF monomers, dimers, and trimers are 
indicated by M, D, and 7 1 , respectively; and the 95,000 and 75,000 
cross-linked complexes are indicated by A and B, respectively. 

95,000 spot (labeled A) on the diagonal and TNF dinners (plus 
monomers) beneath it indicate that the M t 95,000 band con* 
tains receptor subunit plus cross-linked TNF dimer. The M r 
95,000 band may also contain two TNF monomers independ- 
ently cross- linked to the receptor polypeptide. TNF trimers 
(plus dimers and monomers) are derived from the first dimen- 
sion gel near the M T 116,000 marker where the cross-linked 
moiety is not well resolved. Taken together, these results 
suggest that monomers, dimers, and trimers of DSS-* 25 I-TNF 
(M t 17,350, 34,700, and 52,050) are initially cross-linked to a 
receptor subunit of M r — 60,000 forming, at least in part, the 
complex pattern of cross-linked proteins observed. The sec- 
ond dimension gel also shows that the 95,000 and 75,000 
species (labeled A and B at the left margin in Fig. 5) are 
derived from the M t 150,000 to 175,000 region and from 
unresolved higher M, complexes. This suggests that the recep- 
tor component in the 75,000/95,000 complexes becomes cross- 
linked either to itself or to additional proteins. 

Biotinylation of TNF and Characterization of l2S I-Biotinyl- 
ated-TNF-Eeceptor Complexes— Adsorption of soluble TNF- 
receptor complexes based on the high affinity interaction 
between biotinylated TNF and streptavidin coupled to Seph- 
arose- facilitated studies of the specificity of affinity labeling. 
Biotinylated and radioiodinated TNF ( l2S I-bio-TNF) was 
bound by HeLa cells in an identical manner as 125 1-TNF (Fig. 
6A). The L25 I-bio-TNF retained biological activity, as it was 
fully active in cytotoxicity assays (Fig. 6B). Adsorption of this 
12S I-bio-TNF by streptavidin- Sepharose beads resulted in a 9- 
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FiG. 6. Competitive binding and cytotoxicity of 125 I-bioti- 
nyl-TNF. A, 1 ng ia5 I-TNF (•) or 1 ng 12S Lbio-TNF (■) was 
incubated in 0.1 ml with 1 if HeLa cells/ml in the presence or absence 
of unlabeled TNF for 5 h at 4 °C. Specific binding for the biotinylated 
radioligand was 90% of the counts bound. B t l25 I-bio-TNF was ad- 
sorbed in a 1-h incubation with 50^1 of 1:1 suspension of streptavidin - 
Sepharose beads (■) or was mock adsorbed by Sepharose 6B beads 
alone (•) and then centrifuged to obtain supernatant fractions. 
Dilutions of the supernatants were tested by 18-h cytotoxicity assay 
on confluent Hela monolayers with 10 jug/ml cycloheximide (25). 
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Fig. 7. Competitive inhibition of the M r 310,000 cross- 
linked complex. 2 ng of 125 I-bio-hTNF were incubated in 0.14 ml 
for 18 h at 4 °C with Triton X-100 extract from HeLa cell membranes 
in the presence or absence of unlabeled TNF or other proteins. Each 
total incubate was cross-linked by the addition of BSOCOES to a 
final concentration of 2 mM. This reaction was quenched with 0.1 M 
glycine. 50-/il suspension of streptavidin- Sepharose beads was added 
to each total incubate. After 60 min at 4 °C, the incubates were 
diluted to 1.5 ml, beads were collected by centrifugation, and super- 
natants were discarded. The beads were resuspended in SDS-PAGE 
sample buffer without DTT and heated at 100 *C. Competitors added 
to the binding incubates were: / and 2, 100 ng of human recombinant 
interleukin-1 and interferon-7; 3, no competitor; 4~8 % 1, 3, 10, 30, and 
100 ng of TNF. The arrow shows the position of the M f = 310,000 
cross-linked complex. 

fold decrease in cytotoxic activity suggesting that —90% of 
the V25 I-bio-TNF was bound to the streptavidin. 

The l25 I-bio-TNF was incubated with Triton X-100 extracts 
of HeLa cell membranes in the presence and absence of 
interleukin-1, interferon-7, and varying concentrations of 
TNF. The total binding mixtures were cross- linked with 
BSOCOES and concentrated by adsorption to streptavidin - 
Sepharose beads. SDS-PAGE under nonreducing conditions 
(Fig. 7) showed that interleukin-1 and interferon-7 (lanes 1 
and 2) did not inhibit affinity labeling of 310,000 (arrow) and 
Af r 150,000-175,000 bands. On the other hand, concentrations 
of TNF that competed with ia5 I-TNF in binding assays (lanes 
4-8), inhibited formation of these bands. Comparison of the 
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Fig. 8. Reduction of the M r 310,000 complex with DTT. 

m I-bio~TNF was incubated with HeLa cell membranes, and the 
bound radioligand was cross-linked with 2 mM BSOCOES. The 
membranes were extracted at 100 "C with 2% SDS and protease 
inhibitors (see "Materials and Methods"). After centrifugation at 
150,000 x g, the supernatant was applied to a Sepharose 6B column 
(1,5 x 26 cm) equilibrated with 0.1% SDS and 50 mM Tris buffer, pH 
6.8. Aliquots from the eluted fractions (lanes 1-6) were examined by 
SDS-PAGE unreduced (A) or after treatment with 50 mM DTT (B). 

changes in i ntensity of these bands by densitometry (data not 
shown) revealed that each band was proportionately decreased 
by increasing concentrations of TNF. This result provided 
additional evidence for ligand-specific high affinity binding 
of TNF to such high M r complexes. 

The role of disulfide bonds in the formation of high M T 
complexes was investigated by affinity labeling receptors on 
HeLa cell membranes. The bound 126 I-bio-TNF was cross- 
linked with BSOCOES, and the membranes were solubilized 
with 2% SDS at 100 *C. These extracts were fractionated by 
gel filtration on a Sepharose 6B column. Analysis of the 
resulting column fractions by SDS-PAGE (Fig. 8A) showed a 
predominant M T 310,000 band (lanes 2-4) when untreated 
with DTT. Inclusion of 100-fold excess unlabeled TNF in the 
binding incubation prevented the formation of this band, 
whereas inclusion of 10 mM biotin did not (results not shown). 
This indicated that formation of the complex was due to the 
specific binding of TNF and not due to binding of biotin. 
When these same fractions were treated with 50 mM DTT 
before electrophoresis (Fig. &B), the M r 310,000 band de- 
creased and the M T 95,000 and 75,000 bands were correspond- 
ingly increased. These results suggest that disulfide bonds 
have some role in stabilizing receptor-TNF complexes. 
Whether such bond(s) are interchain or intrachain is unclear 
due to the cross-linking introduced. 

Transfer of Fractionated Receptors to Nylon Membranes 
and i25 I-TNF binding to Receptor 8ubunits—ln order to study 
the role of disulfide bonds in the association of receptor 
subunits, HeLa membranes were solubilized with Triton X- 
100, fractionated by SDS-PAGE with or without reduction, 
and transferred to nylon membranes for 12S I-TNF binding 




ABC 

Fig. 9. Effect of reduction on ligand binding to TNF recep- 
tors on nylon transfer membranes. HeLa membranes were pre- 
pared and solubilized with Triton X- 100 in the presence of protease 
inhibitors (see "Materials and Methods"), fractionated by 4-8% SDS- 
PAGE, and electrophoretically transferred. Strips of the solid support 
medium were incubated in 1% hemoglobin prior to ligand binding. A, 
incubation with 125 I-TNF alone. B r incubation with m I-TNF and 100- 
fold excess unlabeled TNF. C, extract treated with 25 mM DTT at 
4 *C for 3 min before electrophoresis and incubation with m I-TNF 
as in A. Positions of prestained M t markers are indicated. The mean 
and standard error estimates for the M t — 70,000 and 60,000 m I- 
TNF-binding proteins under nonreducing conditions of electropho- 
resis were 69,700 ± 1,400 and 58,000 ± 1,700 (n = 5). 

assay. Such transfer experiments showed two 125 I-TNF bind- 
ing proteins of M t 70,000 and 60,000 {Fig. 9A). This binding 
was specific because it was completely inhibited by 100- fold 
excess of unlabeled TNF (Fig. 9B). TNF binding to these 
proteins was also abolished when the Triton X-100 extract 
was incubated with 25 mM DTT at 4 *C before electrophoresis 
(Fig. 9C). 

DISCUSSION 

The structure of the TNF receptor was investigated by gel 
filtration, affinity labeling, and ligand blotting experiments. 
The results obtained suggest that TNF receptors on the cell 
surface consist of high M T complexes containing at least two 
subunits. These putative subunits appear to be associated 
primarily by hydrophobic interactions rather than by covalent 
bonds because they are dissociated by SDS but not by Triton 
X-100. Furthermore, the binding site for TNF is stabilized by 
disulfide bonds because binding activity is lost in the presence 
of DTT. 

TNF receptors, solubilized by Triton X-100 under condi- 
tions that maximize binding activity, elute in gel filtration as 
a major peak of binding activity at M t 330,000 (Fig. 1). 125 I- 
TNF binding in this peak is inhibited by low concentrations 
of unlabeled TNF (Fig. 2) indicating high affinity binding. 
TNF-receptor complexes preformed on HeLa membranes and 
solubilized in Triton X-100 elute in gel filtration with M t - 
350,000 (25). Similarly formed complexes which were cross- 
linked after gel filtration (Fig. 3) exhibited mobility in SDS- 
PAGE corresponding to M r = 310,000. These experiments 
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suggest that the same complexes were identified, but discrep- 
ancies in M, estimates may be due to differences in their 
shape (35) or in the bound detergent in samples analyzed by 
gel filtration (36). Binding of 125 I-bio-TNF to the M T = 310,000 
complex is also competed by low concentrations of unlabeled 
TNF (Fig. 7). This result suggests the receptor complex itself 
is Mr 260,000-295,000, assuming that one TNF molecule is 
bound, and the mass of TNF monomer or trimer must be 
subtracted from the M r 310,000 band. 

Previous characterization of the TNF receptor using affin- 
ity labeling techniques identified TNF-receptor complexes of 
M T 75,000 (21, 22, 29) and 92,000-100,000 (21, 22, 28, 29, 37) 
in diverse cell lines. In the present investigation, the relation- 
ship between the 310,000 M T band and the M e 95,000 and 
75,000 bands in HeLa cells was investigated using a combi- 
nation of irreversible and reversible cross-linking reagents 
and two-dimensional SDS-PAGE (Fig. 5). In these experi- 
ments, TNF itself is resolved into three bands corresponding 
in the greatest amount to TNF monomers, with less dimer 
and least trimer (Fig. 5). This complexity increases when 
TNF is cross-linked to receptors, since TNF has been shown 
to bind to receptors as a trimer (19) yet upon cross-linking to 
receptors, greater proportions of TNF monomers and dimers 
are observed. This quantitative inversion of cross-linked prod- 
ucts may be explained by the requirement for three molecules 
of a bifunctional reagent to cross-link a trimer to one receptor 
protein compared to one molecule of reagent to cross-link one 
TNF monomer to a receptor protein. Thus, at limiting con- 
centrations of bifunctional reagent, TNF is cross-linked to 
receptor in greater proportion by one cross-link than by 
multiple cross-links. TNF monomers are cross-linked to a M r 
75,000 component and dimers to a M T 95,000 component. 
Subtracting the mass of TNF monomer from 75,000 and the 
mass of TNF dimer from 95,000 provides indirect evidence 
for a receptor subunit of M r ~ 60,000. In addition, the M r 
75,000 and 95,000 bands appear to derive from a M T 150,000 
to 175,000 component suggesting that an additional protein 
mass is cross-linked. The predominant affinity labeling ap- 
pears to involve direct cross-linking of TNF to a M t ~ 60,000 
receptor subunit. Secondary cross-linking may occur between 
this 60,000 protein, another receptor component and TNF 
forming the 150,000-175,000 band. Other interpretations of 
these data are possible; however, there is additional evidence 
for two receptor subunits. 

The role of disulfide bonds in stabilizing the M t 310,000 
complex was investigated, since such bonds have been shown 
to stabilize other receptors containing multiple subunits (38). 
Treatment of M T 310,000 cross-linked complexes with DTT 
resulted in the appearance of M T 95,000 and 75,000 bands 
(Fig. 8). This finding suggests that disulfide bonds may sta- 
bilize the interaction of the putative M t 60,000 subunit with 
the rest of the complex. Such a complex should resist disso- 
ciation by SDS. To examine this possibility, the solubilized 
receptor was treated with 1% SDS, fractionated by SDS- 
PAGE, and transferred to solid support media. Under these 
conditions, the TNF binding activity was present in two 
discrete bands of Af, 60,000 and 70,000 (Fig. 9). In repeated 
experiments, no binding activity was detected at higher Af r . 
Furthermore, when the Triton X-100 extracts were incubated 
with DTT, the TNF binding activity at Af r 60,000 and 70,000 
was lost. These results suggest that interchain disulfide bonds, 
if present, have only a minor role in stabilizing high Af r 
receptor complexes. On the other hand, intrachain disulfide 
bonds have apparently an important role in maintaining TNF 
binding (Fig. 9C), since this activity is lost in the presence of 
DTT. In a previous report, TNF binding activity from U-937 



cells was found to elute during gel filtration over a broad 
range of molecular sizes with a peak centered at M r ~ 65,000 
(37). This peak may correspond to one of the shoulders 
observed in the elution profile of TNF receptors from HeLa 
cells (M r ~ 90,000, Fig. 1). These results are consistent with 
a multimeric structure for TNF receptors stabilized primarily 
by hydrophobic interactions. 

Indirect evidence from affinity labeling studies suggests 
that the TNF receptor contains associated subunits. Direct 
evidence for two TNF binding proteins of M r = 60,000 and 
70,000 is provided by ligand blotting experiments. It is also 
apparent from gel filtration of Triton X-100 extracts and 
from cross-linking studies with both intact cells and mem- 
branes that these subunits associate to form larger complexes. 
Such complexes may be formed by multiple 60,000 and 70,000 
components. The relationship between these proteins is un- 
known. It is possible that the 60,000 component is a proteo- 
lytic fragment despite the use of protease inhibitors. Alter- 
natively, the 70,000 component may be a glycosylated form 
of the same polypeptide. Concanavalin A has been reported 
to modulate TNF binding activity, suggesting that the TNF 
receptor is glycosylated (39). In addition, cross-linked TNF- 
receptor complexes were reported to bind to concanavalin A 
(26). It is also possible that another as yet unidentified poly- 
peptide is part of the TNF receptor. A band of M T — 138,000 
has been detected by affinity labeling experiments in MCF-7 
cells sensitive to the cytotoxic activity of TNF, whereas 
variants of these cells resistant to TNF do not contain such 
a band (30). A band of this M T may arise as a cross-link 
product of two receptor subunits and TNF, suggesting a 
possible functional correlation for the assembly of these recep- 
tor complexes. Receptor dimerization enhances affinity and 
signal transduction in epidermal growth factor receptors (40). 
Similarly, the affinity for TNF-a or TNF-0 (39) and signal 
transduction may be modulated by the multimeric structure 
of the TNF receptor. 
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immunodominant region of the autoantigen 
MBP. This may provide insight into the 
molecular mechanisms of MS and help in 
the design of new specific therapeutic ap- 
proaches. 
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tropic activities in vitro and in vivo, 
including cytotoxic effects against tumors 
and virus- infected cells, stimulation of inter- 
teukin-1 secretion, stimulation of prostagla- 
din £2 and collagen production, inhibition 
of Hpogenic gene expression in adipocytes, 
and stimulation of various immune effector 
cells (2). Clinical interest has focused on 
TNF because it appears to be a common 
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mediator of inflammation, endotoxin- in- 
duced shock (?), and the wasting syndrome 
commonly observed in chronic infections 
and neoplastic disease (3). TNF receptors 
appear on virtually all somatic cells (1), and 
generally the ligands cross-compete for 
binding (4), suggesting they share a com- 
mon receptor. As an aid to studying the 
TNF system in molecular detail, we isolated 
a cDNA clone of the receptor. 

The SV40-transformed human lung fi- 
broblast cell line WI26-VA4 was used as a 
source of mRNA for construction of a 
cDNA library. This cell line binds both 
TNF-a and -0 and displays multiple affinity 
classes; approximately 23,000 binding sites 
per cell (N) were detected with ,25 I-TNF-a 
that could be fit to two affinity classes, low 
(K a , = 0 16 ± 0.10 nM' 1 , N, = 19,700 ± 
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A Receptor for Tumor Necrosis Factor Defines an 
Unusual Family of Cellular and Viral Proteins 
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Tumor necrosis factor a and p (TNF-a and TNF-p) bind surface receptors on a variety 
of cell types to mediate a wide range of immunological responses, inflammatory 
reactions, and anti-tumor effects. A cDNA clone encoding an integral membrane 
protein of 461 amino acids was isolated from a human lung fibroblast library by direct 
expression screening with radiolabeled TNF-a. The encoded receptor was also able to 
bind TNF-p. The predicted cysteine-rich extracellular domain has extensive sequence 
similarity with five proteins, including nerve growth factor receptor and a transcrip- 
tionally active open reading frame from Shope fibroma virus, and thus defines a family 
of receptors. 



4,800) and high (K& = 6.2 ± 3.9 nM -1 , WI26-VA4 receptor, the recombinant COS 
N 2 = 3,000 ± 1,400) (Fig. 1A). TNF^ receptor displayed both low (JC ft , - 
binds with lower affinity than TNF-ot and 0.18 ± 0.06 nM" 1 ) and high (K^ = 
the ligands cross-compete for binding (Fig. 10.1 ± 1.0 nM -1 ) affinity classes for l25 I- 
1B). Double-stranded cDNA was syndic- TNF-a. TNF ^ bound with lower affinity 
sized by standard procedures, inserted into and competitively inhibited 125 1— TNF-a 
the mammalian expression vector pDC302 binding (Fig. ID). Thus, ligand binding 
(5) and a TNF receptor clone isolated by a properties of both the native and recombi- 
direct expression approach. Plasmid DNA nant receptor appear similar. The origin of 
from about 1000 Escherichia coti (DH5a) the multiple affinity classes for TNF-a is 
transformants were pooled, transfected into unclear. Indeed, most workers (1, 4, 8, 9), 
COS cells, and screened by contact autoradi- but not all (70), have reported monophasic 
ography (6), which detects positive pools by Scatchard plots for TNF-a. However, TNF- 
the ability of those COS cells expressing a is predominantly a homotrimer (11) and 
TNF receptor inserts to bind l25 I- labeled therefore intrinsically capable of multivalent 
TNF-a. After screening 1 75,000 clones, one binding. In one report ( differential bio- 
positive pool (#737) was obtained, subdi- logical effects could be related to biphasic 
vided, and converged to a single clone in binding of TNF-a. While not necessarily 
two cycles of this procedure. By autoradio- sharing a common origin, multiple affinity 
graphic plate binding (6), the pure clone classes are a common feature of many recep- 
when transfected into COS cells expressed a tor systems (13). 

receptor that bound both 125 I-TNF-a and The isolated TNF receptor cDNA was 

-P; binding of either ligand was completely used as a probe to analyze the mRNA 

inhibited by a 200-fold excess of the same or expressed in a variety of cell lines and tissues 

homologous unlabeled cytokine (7). Quan- (Fig. 2). A single size class of transcripts of 

ritative in situ binding studies of the COS- —4.5 kb was detected in WI26-VA4, Raji 

expressed receptor with l23 I-TNF-a agreed cells (a B lymphoblastoid line), LPS-stimu- 

with these results and showed the binding to lated peripheral blood monocytes (PBM), 

be complex (Fig. 1C). As with the native induced peripheral blood T cells (PBL), and 




(r) x 10* (Inhibitor] (M) 

Fig. 1. TNF binding characteristics of native and recombinant TNF receptors (31). (A) Direct binding 
of ,23 I-TNF-a to WI26-VA4 cells (Scatchard coordinate system). (B) Inhibition of ,23 I-TNF-a 
binding to WI26-VA4 cells by unlabeled TNF-a (•) and TNF^ (O). TNF-a inhibition: K ut (low 
affinity) = 1.6 ± 0.2 nM; K lt2 (high affinity) = 0.8 ±0.1 pM. TNF-0 inhibition: JC M (low affinity) = 
0.29 ± 0.06 nM; K h2 (high affinity) = 1.3 ± 0.6 pM. (C) Direct binding of ,25 I-TNF-a to 
recombinant (COS) TNF receptor. (D) High affinity site inhibition of ,25 I-TNF-a binding to 
recombinant (COS) TNF receptor by unlabeled TNF-a (•) or -0 (O). K t (a) = 6.7 ± 2.9 nM; K| (p) 
= 3.3 ± 0.8 nM. C, free concentration of TNF (molar); r, molecules of TNF bound per cell. All 
parameter values are ± standard error. Data fit to one or two site models as described (32). 



Fig. 2. RNA blot analy- 
sis of TNF receptor 
mRNA. Poiyadenylated 
RNA (3.5 u£) was used 
from each source, except 
placental tissue (5 ag to- 
tal RNA). PBL were cul- 
tured for 6 days in IL-2 
and OKT3 monoclonal 
antibody, then restimu- 
lated for 8 hours with 
conconavalin A (Con A) 
and PMA (6). RNA was 
fractionated on a 1.1% 
agarosc-fbrrnaldchydc gel, blotted onto Hybond- 
N (Amersham), and hybridized with a labeled 
antisense RNA probe prepared from the 630-bp 
Not I-Bgl II fragment of the TNF receptor 
cDNA that had been subdoncd into a Blucscript 
plasmid (Stratagenc). Filter hybridization and 
washing conditions were as described (5). Vari- 
able exposure times were used in preparing the 
figure. 

placental tissue. A transcript of slightly larg- 
er size (~5.0 kb) was detected in thymic 
tissue, and splenic tissue contained tran- 
scripts of both size classes. The origin of 
these differences is not clear, but the pres- 
ence of TNF receptor transcripts in these 
different cells is consistent with the near 
ubiquitous distribution of the receptor. 

The 3.7-kb insert of clone 737 was sub- 
cloned and sequenced (5) (Fig. 3). The 
cDNA contains a string of adenines at the 3' 
end and an upstream consensus polyadenyl- 
ation signal. The discrepancy between the 
size of the isolated cDNA and that of the 
transcripts estimated from Northern analysis 
may be due to a deficiency of 5' sequences in 
this clone. It is also possible that alternative 
polyadenylarion signals are utilized. Up- 
stream of the polyadenylarion site is a 299- 
bp segment that has homology to the Alu 
family of repetitive sequences (14). The se- 
quence contains a single large open reading 
frame encoding 461 amino acids with fea- 
tures typical of an integral membrane pro- 
tein (15). The initiating methionine pre- 
cedes 22 hydrophobic residues characteristic 
of a leader sequence; the most probable 
cleavage site (16) predicts Leu" as the 
mature NH2-terminus. Another hydropho- 
bic region of 30 amino acids is located 
between residues 258 and 287, bordered by 
charged residues at either end (Asp 257 and 
Lys 2 **" 290 ), consistent with a transmembrane 
segment that makes a single helical span. 
Immediately upstream of this element is a 
region of 57 amino acids rich in threonine, 
serine, and proline residues. Such a compo- 
sition is indicative of O-linked glycosylation 
sites containing sialic acid and is found in 
similar extracellular regions of several recep- 
tors, including those for nerve growth factor 
(NGF) (17) and low density lipoprotein 
(LDL) (18). The NH 2 -terminal 162 amino 
acids (positions 39 to 200) are rich in 
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cysteines (22 residues) and also contain two 
potential N-linked glycosylation sites. The 
receptor terminates in a cytoplasmic domain 
of 174 amino acids, rich in serines (18%), 
six of which are contiguous. Five cysteines 
and one potential N-linked glycosylation 
site are also present in this domain. 

A computer search of several sequence 
databases (19) queried with the entire 439- 
residue sequence of the mature TNF recep- 
tor revealed five proteins with striking simi- 
larity: human and rat NGF receptor, CD40, 



cDNA clone 4- IBB, and T2 (Fig. 4). Four 
of these are transmembrane proteins, two of 
which are known receptors (for human and 
rat NGF). CD40 is a B cell-localized surface 
antigen, found also on neoplastic cells of 
epithelial origin, that becomes phosphoryl- 
ated in the cytoplasmic domain after bind- 
ing the CD40-specific monoclonal antibody 
G28-5 (20). Clone 4- IBB was identified as a 
murine cDNA from induced helper and 
cytolytic T cell clones (21). Both molecules 
have been suggested to be cytokine recep- 



tors for unidentified ligands. All identity 
between these four proteins is localized to 
the cysteine-rich regions of the extracellular 
domains; no homology was detected be- 
tween the TNF receptor cytoplasmic do- 
main and any proteins in the database. T2 is 
a transcriptionally active open reading frame 
from the Shope fibroma virus (SFV), a 
poxvirus that produces invasive malignan- 
cies in newborn rabbits (22). Although 
dominated by 22 conserved cysteines, the 
alignment is also reinforced by other con- 
served amino acids, particularly tyrosine, 
glycine, and proline. Thus, the extracellular 
domains of these molecules, presumably 
heavily disulfide bonded, probably share a 
common structural motif. Central to this 
motif would appear to be repeating homolo- 
gous domains. Several groups have shown 
that the cysteine-rich regions of NGF recep- 
tor and CD40 can be resolved into either 
pseudo twofold repeats of about 80 amino 
acids or pseudo fourfold repeats of about 40 
residues (17, 20). Similar repeats can be 
shown with the TNF receptor and T2, 
consistent with all these genes having arisen 
by duplication and divergence from a com- 
mon gene. Since both NGF and TNF are 
oligomeric, repeating substructures in their 
receptors may aid in binding and predicts 
that the putative ligands for CD40 and 4- 
1BB may also be oligomers. The net charge 
associated with the cysteine-rich domains of 
these family members varies ( — 19 for NGF 
receptor; + 1 for TNF receptor), which may 
be related to ligand specificity. Presumably, 
it is this NHj-terminal region that contains 
the TNF binding site. Multiple lines of 
evidence have localized the (apoprotein B) 
ligand binding site of the LDL receptor to 
the NH 2 -terminal (60-kD), cysteine-rich 
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Fig. 3. Sequence of the human TNF receptor cDNA clone. (A) Schematic representation and 
restriction map of the cDNA. The entire coding region is boxed. The leader is hatched, the cysteine-rich 
region is shown stippled, and the transmembrane segment is solid. B - Bgl II; P = Pvu II. (B) The 
deduced amino acid sequence of cDNA coding region. The leader region is singly underlined, the 
transmembrane domain is shown boxed, potential N-linked glycosylation sites arc doubly underlined, 
and cysteines are identified by an asterisk. The entire nucleotide sequence is available upon request and 
has been deposited at GenBank, accession number M32315. 



Fig. 4. Sequence similarities 
among the TNF receptor 
superfamily. Consensus 
alignment of residues from 
the cysteine-rich regions of 
human TNF receptor 
(huTNFR), T2 open read- 
ing frame of Shope fibroma 
virus (SFV-T2), human 
CD40 (huCD40), human 
and rat nerve growth factor 
receptor (huNGFR and 
rNGFR), and murine 
cDNA clone 4- IBB (mu4- 
IBB). Numbers at NH 2 - 
and COOH-termini refer to 
residues as cited in publica- 
tions describing cDNA 
cloning (17, 20, 21, 22); 
numbers at top right of each 
block mark residues from 
NH 2 - terminus at top left. 
Shaded residues reflect 
those common to huTNF 
receptor and at least one 
other protein. Cysteines are in 
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domain (18). 

Sequences containing cysteine-rich re- 
peats are present in a number of proteins, 
including the CD 18 adhesion molecules 
(23), epidermal growth factor (EGF) pre- 
cursor, Drosophila notch protein, the neu on- 
cogene, and the external domains of recep- 
tors for LDL, EGF, and insulin (18, 24). 
Although many of these proteins show ho- 
mology to each other, we detect litde simi- 
larity to the TNF receptor. Optimal align- 
ments of family members using the National 
Biomedical Research Foundation (NBRF) 
ALIGN program (19) show the strongest 
similarity is between the TNF receptor and 
T2, with a score of 19 standard deviations 
(SD) above the mean score for an ensemble 
of randomly permuted molecules of the 
same lengths and amino acid composition. 
ALIGN scores greater than 3.0 are consid- 
ered significant and indicate common ances- 
try. Almost 40% of the residues are identi- 
cal, approaching the conservation level be- 
tween many murine and human cytokines 
and their receptors (25). Slight variants of 
T2 may also exist in other poxvirus family 
members, and some of these viruses arc 
strongly immunosuppressive (22). Although 
T2 possesses a signal peptide sequence, the 
molecule appears to lack a hydrophobic 
segment typical of transmembrane regions, 
suggesting that T2 may be a soluble entity 
secreted from virally infected cells. Thus, 
perhaps T2 may bind TNF, or another 
cytokine, serving to locally dampen the host 
immune response. The protective effects of 
such a "soluble receptor" would no doubt 
confer a selective advantage to the pathogen. 
CD40, however, is also similar to this TNF 
receptor (38.5% amino acid identity; 15.2 
SD), yet does not bind TNF-ot when ex- 
pressed in COS cells at high levels in an 
immunoreactive form (26). TNF receptor is 
more distantly related to 4- IBB and NGF 
receptor (9.0 and 12.3 SD, respectively). 

The signal transduction mechanism of 
TNF is unclear. The receptor cytoplasmic 
domain, as with other family members, 
shows no similarity with known proteins, 
including the cytoplasmic domain of the 
human T cell interleukin-1 (IL-1) receptor 
(6) y despite the fact that TNF and IL-1 
mediate many common biological activities 
(J). The TNF receptor expressed in COS 
cells does not bind radiolabeled human IL- 
la or -p, nor does the recombinant human 
IL-1 receptor bind TNF (7). No sequences 
present are typical of tyrosine kinases, pro- 
tein kinase C, or phosphorylation sites cor- 
responding to substrates for these kinases 
(27). The cytolytic activity of TNF, howev- 
er, appears to depend on the presence of a 
200- kD protein distinct from the receptor, 
and with which it comodulates (28). 



Several groups have characterized TNF 
binding proteins from urine. Uromodulin is 
a renal glycoprotein that binds IL-1, IL-2, 
and TNF-a with high affinity, but does not 
inhibit ligand binding to their respective 
receptors and shows no sequence similarity 
to the TNF receptor reported here (29). 
Two groups have recently reported purifica- 
tion and sequencing of soluble TNF-a bind- 
ing proteins from urine with molecular 
weights of 27 to 30 kD (30). However, the 
NH 2 -terminal sequence of these proteins is 
not found in the predicted sequence of clone 
737. TNF-a receptors on myeloid cells are 
probably different from those on cells of 
epithelial origin (8). An 80-kD form of the 
receptor contains O- and N-linkcd carbohy- 
drate; a 60-kD form lacks O-linked carbohy- 
drate, possesses a different form of N- linked 
carbohydrate, and displays different tryptic 
peptide maps. Monoclonal antibodies to 
these two receptors also do not cross-react. 
The receptor we have described may corre- 
spond to the 80-kD form. Affinity cross- 
linking of the recombinant receptor using 
either l23 I-TNF-a or -0 shows a single 
species of 80 kD (7). Because the calculated 
protein is 46 kD, carbohydrate appears to be 
attached, and both O- and N- linked glycosy- 
larion sites are present in the sequence. 

The availability of a full-length cDNA 
clone for a human TNF receptor will now 
permit detailed studies into the molecular 
mechanisms by which ligand- receptor inter- 
actions produce the pleiotropic effects of 
this important cytokine. Soluble, recombi- 
nant forms of this receptor may also be 
produced to explore the clinical value of 
TNF inhibition in pathological settings. 



REFERENCES 

1. B. Beutlcr and A. Cerami, Armu. Rev. Immunol 7, 
625, 1989. 

2. E. A. Carswcll et at., Proc. Natl. Acad. Sd. U.S.A. 
72, 3666 (1975); G. H. W. Wong and D. V. 
Goeddel, Nature 323, 819 (1986); C. A. Dinarello 
et at., J. Exp. Med. 163, 1433 (1986); J.-M. Dayer, 
B. Bottler, A. Ccrami, ibid. 162, 2163 (1985); R. 
Zcchncr, T. Newman, B. Sherry, A. Ccrami, J. 
Breslow, Mot. Cell Biol. 8, 2394 (1988); J. Gamble, 
J. Harlan, S. Klebanoff, A. Lopez, M. Vadas, Proc. 
Natl. Acad. Sd. U.S.A. 82, 8667 (1985); J. Djeu, B. 
Blanchard, D. Halkias, H. Friedman, J. Immunol. 
137, 2980 (1986); D. Silberstein and J. David, 
Proc. Natl. Acad. Sri. U.S.A. 83, 1055 (1986); H. 
Kashiwa, S. Wright, B. Bonavida, J. Immunol. 138, 
1383 (1987). 

3. A. Oliff, Cell 54, 141 (1988); K. Tracey et at., J. 
Exp. Med. 167, 1211 (1988); A. Ohffetal., Cell 50, 
555 (1987). 

4. B. Aggarwal, T. Eessalu, P. Hass, Nature 318, 665 
(1985). 

5. R. G. Goodwin et al, Cell 60, 941 (1990). Briefly, 
double-stranded cDNA was modified with Eco Rl 
linker-adapters containing internal Not I sites (Invi- 
trogen), and cloned into XgtlO. Following packag- 
ing and amplification of the resulting phage, cDNA 
inserts larger than 2 kb were isolated after Not I 
digestion and Li gated into p DC 302. 

6. J. Sims et al, Science 241, 585 (1988). J. Sims et at., 
Proc. Natl. Acad. Set. U.S.A. 86, 8946 (1989). COS 



cells express about 800 endogenous TNF-a recep- 
tors (7), or -0.1% of the level typical of COS cells 
expressing receptor inserts. COS cell autoradio- 
graphic backgrounds at the ,23 I-TNF-a concentra- 
tion used in screening (0.1 nM) were therefore 
undetectable. 

7. C. Smith and R. Goodwin, unpublished data. 

8. H.-P. Hohmann, R. Rcmy, M. Brockhaus, A. van 
Loon, J. Biol. Chem. 264, 14927 (1989). 

9. P. Hass, A. Hotchkiss, M. Mohler, B. Aggarwal, J. 
Biol. Chem. 260, 12214 (1985); G. Stauber and B. 
Aggarwal, ibid. 264, 3573 (1989); K. Imamura, M. 
Sherman, D. Spriggs, D. Kufe, ibid. 263, 10247 

(1988) ; R. M linker, J. Dispersio, H. Kocffler, Blood 
70, 1730 (1987). 

10. J. Rutka et al, Int. J. Cancer 41, 573 (1988); K. 
Imamura, D. Spriggs, D. Kufe, J. Immunol. 139, 
2989 (1987). 

11. E. Jones, D. Stuart, N. Walker, Nature 338, 225 

(1989) ; R. Smith and C. Baglioni, J. Biol. Chem. 
262, 6951 (1987). 

12. H. Ishikura, K. Hon, A. Block, Blood 73, 419 
(1989). 

13. L. Park et al, J. Biol. Chem. 264, 5420 (1989); K. 
Yamasaki et al., Science 241, 825 (1989); R. Robb et 
al., J. Exp. Med. 154, 1455 (1984); D. Gearing, J. 
King, N. Gough, N. Nicola, EMBO J. 8, 3667 
(1989); T. Bird and J. Saklatvala, Nature 324, 263 
(1986); A. Sutter, R. Riopellc, R. Harris-Warrick, 
E. Shooter, J. Biol. Chem. 254, 5972 (1979). 

14. C. Schmid and W Jelinek, Science 216, 1065 
(1982). 

15. Single letter abbreviations for the amino residues 
are: A, Ala; C, Cys; D, Asp; E, Ghi; F, Phe; G, Gly; 
H, His; I, He; K, Lys; L, Leu; M, Met; N, Asn; P, 
Pro; Q, Gin; R, Arg; S, Ser, T, Thr; V, Val; W, 
Trp; and Y, Tyr. 

16. G. von Hcijne, Nucleic Acids Res. 14, 4683 (1986). 

17. D. Johnson et al., Cell 47, 545 (1986); M. Radeke, 
T. Misko, C. Hsu, L. Herzenberg, E. Shooter, 
Nature 325, 593 (1987). 

18. J. Goldstein et al., Annu. Rev. Cell Biol. 1, 1 (1985). 

19. Databases from GenBank (December 1989 edition), 
European Molecular Biology Laboratory (May 
1989 edition), and the National Biomedical Re- 
search Foundation (December 1989 edition) were 
analyzed with software from the University of Wis- 
consin Generics Computer Group [J. Devereux, P. 
Haeberii, O. Smithies, Nucleic Adds Res. 12, 387 
(1984)} and the NBRF ALIGN and FastP pro- 
grams. 

20. I. Stamcnkovic, E. Clark, B. Seed, EMBO J. 8, 1403 
(1989). 

21. B. Kwon and S. Weissman, Proc. Natl. Acad. Sd. 
U.S.A. 86, 1963 (1989). 

22. C. Upton, A. DeLange, G. McFadden, Virology 
160, 20 (1987); G. McFadden, in Viral Diseases in 
Laboratory and Captive Animals, G. Darai, Ed. (Nij- 
hoff, Boston, MA 1988), pp. 37-62. 

23. T. Kishimoto, K. O'Connor, A. Lee, T. Roberts, T. 
Springer, Cell 48, 681 (1987). 

24. R. Doolirde, D. Feng, M. Johnson, Nature 307, 
558 (1984); A. Ullrich et at., ibid. 313, 756 (1985); 
K. Wharton, K. Johansen, T. Xu, S. Artavanis- 
Tsakonas, Cell 43, 567 (1985); C. Bargmann, M. 
Hung, R. Weinberg, Nature 319, 226 (1986); Y. 
Ebina et at., Cell 40, 747 ( 1985). 

25. N. Nicola, Artnu. Rev. Biochem. 58, 45 (1989). 

26. The CD40 and human TNF receptor clones were 
separately transfected into COS cells (CD40-OOS, 
TNFr-COS) and expression was monitored by ra- 
diolabeled ligand binding using contact autoradiog- 
raphy (6). CD40-COS dearly and specifically bound ' 
,2i I-G28 antibody, but did not bind 125 I-TNF-a 
(0.2 nM). ,23 I-G28 binding was not inhibited by a 
500-fold molar excess of unlabeled TNF-a. Similar- 
ly, TNFr-COS specifically bound m I-TNF-a and 
-0 but not m I-G28 (0.2 nM). 

27. Y. Yarden, and A. Ullrich, Annu. Rev. Biochem. 57, 
443 (1988); U. Kikkawa, A. Kishimoto, Y. Nishi- 
zuka, ibid. 58, 31 (1989); A. Edelman, D. Bhi- 
menthal, E. Krebs, ibid. 56, 567 (1987). 

28. S. Yonchara, A. Ishii, M: Yonehara, J. Exp. Med. 
169, 1747 (1989). 

29. A. Shcrblom, J. Decker, A. Munchmore, J. Biol. 
Chem. 263, 5418 (1988); C. Hession et al., Sdence 
237, 1479 (1987). 



1022 



SCIENCE, VOL. 24« 

B-214 



30. I. Olsson rtd/., Eur. J. Haematol. 42, 270 (1989); H. 
Engdman, D. Adcrka, M. Rubinstein, D. Rotman, 
D. Wallach, J. Biol. Chem. 264, 11974 (1989). 

3 1 . COS cells were trans fected with the vector pDC302 
containing the TNF receptor cDNA insert (done 
737) or control vector lacking insert as described (5, 
6). For quantitative in situ binding studies, trans- 
fected COS cells were replaced (24 hours after 
transfection) into six well trays (CoStar) and ana- 
lyzed 48 hours later at near confluence (6 x 10 3 cells 
per well). COS monolayers were washed once with 
phosphate-buffered saline (PBS), then incubated 
with l23 I-TNF-a at various concentrations in bind- 



ing media [RPMI 1640, bovine serum albumen 
(10%), NaN 3 (0.1%), 20 mM Hcpcs, pH 7.4] at 
4°C for 2 hours. Free l25 I-TNF a was determined 
by counting gamma emissions in the supernatant. 
Monolayers were then washed once with ice-cold 
RPMI, detached with 0.1% trypsin in PBS, and 
counted to determine bound ugand. Nonspecific 
ligand binding was determined by inclusion of a 
200- fold molar excess of unlabeled ligand. Inhibi- 
tion assays used ,25 I-TNF-a at 0.2 nM. Data were 
analyzed and theoretical curves plotted as described 
(6, 32). TNF-a and TNF-0 (R&D Sciences) were 
radiolabeled using Iodogcn (Pierce) to a specific 



activity of 2 x 10 15 cpm/mmol (4). Radiolabeled 
TNF-a gel filtered as a single peak with an apparent 
molecular weight of 55 kD (7), consistent with a 
trimcric status (11). 

32. S. Dower, K. Ozato,, D. Segal, J. Immunol. 132, 
751 (1984). 

33. We thank J. Wignall, D. Friend, J. Jackson, U. 
Martin, J. Slack, and T. VandenBos for excellent 
technical assistance and E. Clark for the generous 
gift of a full-length CD40 cDNA done in a CDM8 
vector. 

16 February 1990; accepted 26 April 1990 




25 MAY I990 



REPORTS IO23 

B-215 



LETTERS TO NATURE 



Highly efficient neutralization 
of HIV with recombinant 
CD4-immunoglobulin molecules 

Andre Traunecker, Josef Schneider*, 
Hansruedi Kiefer & Klaus Karjalainen 

Basel Institute for Immunology, Grenzacherstrasse 487, 4058 Basel, 
Switzerland 

* Central Research Units, F, Hoffmann-La Roche Ltd, CH 4002 Basel. 
Switzerland 



The human immunodeficiency virus type 1 (HIV-1) exploits the 
cell surface CD4 molecule to initiate the infection which can 
lead, eventually, to acquired immunodeficiency syndrome (AIDS). 
The HIV-1 envelope protein, gpl20, interacts specificially with 
CD4 and soluble CD4 molecules have been shown to inhibit HIV 
infectivity in vitro 9 ^ 9 . Effective inhibition in vivo may, however, 
require more potent reagents. We describe here the generation of 
molecules which combine the specificity of CD4 and the effector 
functions of different immunoglobulin subclasses. Replacing the 
VH and CHI domains of either mouse y2a or $x heavy chains 
with the first two N-terminal domains of CD4 results in molecules 
that are secreted in the absence of any immunoglobulin light 
chains. We find that the pentameric CD4~IgM chimaera is at least 
1,000-fold more active than its dimeric CD4-IgG counterpart in 
syncytium inhibition assays and that effector functions, such as 
the binding of Fc receptors and the first component of the comple- 
ment cascade (Clq), are retained. Similar chimaeric molecules, 
combining CD4 with human IgG were recently described by Capon 
et a/. 10 , but these included the CHI domain and did not bind Clq. 
Deletion of the CHI domain may allow the association and 
secretion of heavy chains in the absence of light chains 11 , and we 
suggest that the basic design of our constructs may be generally 
and usefully applied. 

We have previously produced chimaeric proteins consisting 
of different domains of CD4 and immunoglobulin constant 
region of mouse k (Mk). If we denote the four suggested 
extracellular domains of CD4 protein starting at N-terminus by 
1, 2, 3 and 4 (ref. 12), the following proteins were generated: 
1-C#c, 1*2*Ck, 1*2'3*Ck and 1-2-3-4-Ck (ref. 13). Alt these 




FIG. 1 lmmunoglobulin-CD4 chimaeric constructs. The plasmid pHT4.YK12 
encodes all four extracellular domains of CD4 linked to the mouse Ig* 
constant regions. CD4-M^ and pCD4-My2a encode the first two N-terminal 
C04 domains linked to mouse Ig^t (CH2. CH3, CH4) and mouse Ig y2a (Hinge, 
C H 2, Ch3) constant regions, respectively. Numbers above the boxes refer to 
exons coding for different domains. ENH= Enhancer, L= Leader, H= Hinge, 
B = Sam HI, R = Eco RI,S = Sa/l, Ss = Sst St=Stu \,X = Xba and Xh = X/io I. 
METHODS. The CD4-*c expression vector pHT4-Yl (ref. 9) was modified by 
replacing the immunoglobulin heavy chain promoter by a more efficient 
immunoglobulin k promoter derived from the vector pKm 1 (ref. 32). The k 
promoter was first subcloned into an intermediate vector PUC 18 as a Bgt 
W/Sa! I fragment, then transferred as a 2.2 kilobase (kb) fragment [Hind 
lll(blunt)/£co Rl] into pHT4--yi [Xba l(biunt)/Eco Rl], to generate pHT4-YK12. 
The Bam HI fragment of pHT4-YK12 (encoding domains 3 and 4 of CD4 and 
C#c) was then replaced by either a 3.5 kb Sdt/Xba I fragment containing 
C H 2. C H 3 and C H 4 constant region exons of mouse lg/x or a 3.0 kb Stu I 
fragment encoding the hinge, Ch2 and C H 3 constant region exons of mouse 
Ig-y2a. All fragments were blunt-ended before ligation into the vector. The 
constructs pCD4-M/i and pCD4-M-y2a were completed by inserting a heavy 
chain enhancer as a Sal UXho I fragment into the unique Sal I site 5' of 
the promoter. 

molecules retained their gpl20 binding activity, suggesting that 
the first VK-Iike domain is sufficient. We first attempted to 
produce secreted CD4-immunoglobulin chimaeras with 
specificity against gpl20 by generating double transfectants pro- 
ducing 1 • Ck and normal immunoglobulin heavy chains. This 
approach failed, however, and we could not detect assembly 
into complete molecules, even though a number of heavy chains 
with different variable regions were tested. 
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FIG. 2 Characterization of the chimaeric mole- Q 
cules. Stable transformants were obtained by 12 3 4 5 6 

transfecting CD4 constructs into X63-0 myeloma 
cells by protoplast fusion, a-c, Western blot analy- 
sis of immunoprecipitated chimaeric or natural 
immunoglobulin molecules from cell culture super - 
natants after 10% PAGE run under reducing condi- 
tions (a) or after 3-7% gradient PAGE (b) or 7% 
PAGE (c) run under non-reducing conditions. Non- 
transfected X63-0 (1), soluble murine CD4, L3T4 
(ref. 9) (2), HT4-YK12 (3), B1.8 (IgM, A) (4), CD4- 
M/x (5), UPC10 (igG2a, k) (6), CD4-My2a (7). 
Samples 1-3 were immunoprecipitated with rabbit 
anti-mouse k, samples 4 and 5 with rabbit anti- 
mouse IgM, samples 6 and 7 with protein A. All 
antibodies and protein A were immobilized on 
Sepharose 4B. The results were visualized with a 
mixture of rabbit anti-mouse Ig k, p and y anti- 
bodies in a first step, followed by radioactive 
donkey-anti-rabbit immunoglobulin. Standard 

molecular weight markers are shown on the left 2 3 4 5 6 7 

(in thousands). The background bands in a (1-5), 

of relative molecular mass —45,000 are due to rabbit IgG released from 
the Sepharose when the samples were prepared for electrophoresis, d, 
Co-immunoprecipitation under identical conditions as those in a-c, but in 
the presence of metabolically labelled gpl20 from the supernatant of 
HIV-l-infected H9 cells, was followed by PAGE and fluorography 
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METHODS. Four million H9/HTLV-I 
68 



I cells 33 were pulse-labelled as previously 



described 34 with [ 35 S]cysteine for 4 h. The cells were then transferred into 
4 ml of fresh medium and incubated for a further 14 h. After the chase the 
cells were quickly removed by pelleting at 400g and the supernatant was 
subjected to 150,000^ sedimentation for 1 h. Cleared supernatant (50 ^tl) 
was then incubated with the indicated culture fluids for 14 h at 4 °C and 
the immunoprecipitations were performed as described above. 
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The successful approach relied on two observations. First, 
1 ■ 2 * Ck and 1 • 2 • 3 * 4 ■ Ck were secreted, whereas 1 * C#c and 
1 • 2* 3 * Ck were not, suggesting to us that CD4 domains associ- 
ate pairwise into two stable units consisting of 1 • 2 and 3 ■ 4 
domains respectively. Second, the analysis of human heavy- 
chain disease proteins has shown that heavy chains of different 
subclasses can be secreted without light chains when the first 
constant region domain is deleted 11 . We therefore constructed 
plasmids in which the exons encoding the first two N-terminal 
domains of CD4 were linked to all but the V H 1 and C H 1 domains 
of either the mouse fi heavy chain (CD4-M/x) or the mouse 
y2a heavy chain (CD4-My2a) (see Fig. 1). 

Both CD4-Mm and CD4-Mv2a were found in the culture 
supernatants at levels of l-5u-gml _1 after the corresponding 
constructs were introduced into a myeloma cell line X63-0 (Fig. 
2). Immunoprecipitations of the secreted proteins with relevant 
antibodies or protein A and subsequent western blot analyses 
showed that the molecules produced had the expected apparent 
molecular weights (Fig. 2). A similar analysis under non- 
reducing conditions indicated that CD4-M/X was most probably 
secreted as a pentamer, whereas CD4-My2a formed dimers, 
consistent with the fact that CD4-My2a bound to protein A 
(ref. 14) (Fig. 2b, c). Both CD4-M/1 and CD4-My2a, as well 
as the previously produced CD4-M#c, were able to bind to HIV 
gpl20 (Fig. 2d). Because recombinant gpl20 was not available, 
we used metabolically labelled preparations of gpl20 derived 
from the supernatants of HIV-infected (H9) cell cultures in our 
co-immunoprecipitation tests. 

Importantly, the effector functions of normal immunoglobulin 
molecules, such as binding to Fey receptors and Clq were kept 
intact in the hybrid molecules (Fig. 3). This suggests that removal 
of the CHI domain does not create major structural alterations 
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FIG. 3 Characterization of binding properties of CD4-immunoglobulin 
molecules, a, b, Clq binding assay. Microtitration plates were coated with 
purified CD4-immunoglobulin and natural control proteins of appropriate 
subclasses at the concentrations of 10 p.g ml" 1 (a) and 1 fjtg ml -1 (b). The 
direct binding of 125 Wabelled Clq was then measured, a, CD4-My2a; b, 0KT3 
(lgG2a. K); c, CD4-M/x; d. TEPC 183 (IgM, K); e, CD4-M#c; f, BSA. c, Binding 
of CD4-immunoglobulin molecules to Fey receptors on the mouse 
macrophage cell line M29. Competition between 125 l-labelled CD4-My2a 
and the indicated amounts of CD4-My2a (O) and 0KT3, (lgG2a) (•) proteins. 
METHODS, a and b. Polyvinyl chloride microtitration plates were coated with 
100 yA of test and control proteins in saline at concentrations of 10 ^g ml" 1 
(a) and 1 p.g ml" 1 (o). After overnight incubation the plates were blocked 
with 1% BSA solution and binding of 125 l-labefled human Clq 2ng, 
50,000 c.p.m.) was measured after incubation for 6 h at room temperature. 
Radiolabelting of Clq (a gift from Dr A. Erdei) was carried out by the lodogen 
method, according to the recommendations of the manufacturer (PIERCE) c. 
Fey receptor binding was assayed by incubating 2xio e M29 mouse 
macrophage cells (a gift from Dr G. Stockinger) with 125 t-labelled CD4-My2a 
(200 ng), plus competitor proteins in 100 ^1 medium containing 5% fetal 
calf serum for 1 h at 4 °C. After incubation the samples were centrifuged 
through a 200 ^1 cushion of fetal calf serum and the radioactivity in the 
pellets was measured. The radioactivity obtained after adding 500-fold 
excess of unlabelled lgG2a (0KT3) was assumed to be due to nonspecific 
binding and was subtracted before calculating the percentage inhibitions 
shown. Radiolabelling was performed as described above. 
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Recombinant protein (ng ml" 1 ) 

FIG. 4 Inhibition of syncytium formation by different recombinant proteins. 
The number of syncytia is plotted against the final concentrations of the 
recombinant proteins (♦) CD4-M/A; (■) CD4-M?2a; (#) CD4-M*; (▲) L3T4- 
Mk (ref. 9). The dotted lines indicate the number of syncytia in the absence 
of any inhibitory proteins and the number at 50% inhibition. 
METHODS. A pretitrated amount of HIV-1-HAN was incubated at room 
temperature with serially diluted recombinant proteins for 30min. 
Thereafter, 25 jit of each mixture was transferred in triplicate into the wells 
of a 96-well plate which contained 25,000 MT-2 cells 35 per well in 50 jil of 
medium. After 3 days culture, 100 uJ of fresh medium was added per well 
and after 5 days the syncytia were counted. The sums of syncytia of the 
triplicates were used for inhibition curves. H1V-1-HAN has been isolated 
from the PBL of an AIDS patient. Partially determined nucleotide sequence 
of HIV-1-HAN shows about 90% sequence homology to HTLV-III B (U. Sauer- 
mann and J. Mous, unpublished observation). Culture supernatants of MT-2 
or Jurkat cells infected with HIV-1-HAN contained ten times more syncytium- 
forming capacity than similar culture supernatants of H9/KTLV-III B cells. 



in the regions of the CH2 domain responsible for Clq and Fey 
receptor binding. 15 * 16 

To assay the biological activity of these molecules, we tested 
them in the syncytium inhibition assay 1718 (Fig. 4). CD4-Mft 
was by far the best inhibitor of syncytium formation: 50% 
inhibition was obtained at a concentration of 10ngml~ l which 
was about 1,000-fold less than the concentration ( — 10 u,g mP l ) 
of CD4-My2a and CD4-Mk proteins needed for the same 
effect. Complete abolition of syncytia formation was possible 
with CD4-M^t at concentrations of about 1-2 fig mP l . The 
CD4-Mk protein exists as a noncovalently-associated dimer 
(data not shown), possibly due to the Ck portion of the 
molecules. Thus it seems that the effectiveness of these molecules 
increases as a function of their valence. Truly monovalent CD4, 
which we do not have, has not been compared directly with the 
dimeric forms of recombinant CD4 molecules (CD4-M-y2a and 
CD4-Mk) in this particular assay. 

Soluble CD4 provides the optimal specificity for neutraliz- 
ation of the HIV-1 for many reasons. First, the strength of the 
interaction of the CD4 and gpl20 is very high, of the order of 
10" 9 M (refs 5, 19). Second, the genetic variants of HIV-1 (refs 
20-23) which emerge frequently during the infection must retain 
their CD4-binding properties to maintain their infectivity. Third, 
the immunity against gpl20 acquired during the infection can 
have serious deleterious effects on the immune system: free 
gpl20 which is shed from the virus 24 ' 25 can be trapped 
specifically on the CD4-positive cells and in this way the non- 
infected cells can become targets of various forms of anti-gpl20 
immune attacks 26 " 29 . Passive immunity based on CD4 specificity 
would avoid this bystander destruction because it would dis- 
criminate between gpl20 molecules which are already bound 
on cell-surface CD4 and those molecules which are produced 
by infected cells. 
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Although the human CD4-immunoglobulin chimaera repor- 
ted by Capon et ai 10 was secreted, they found that a similar 
hybrid protein, based on the mouse y x heavy chain, was retained 
intracellularly. We have also noticed that hybrid molecules 
containing the C H 1 domain, for example CD4-lgM chimaeras, 
are not secreted (unpublished observation) and we suspect that 
in the absence of immunoglobulin light chains, the hydrophobic 
face of the C H 1 domain interacts strongly with the heavy chain 



binding protein, thus preventing secretion 30,31 . 

We believe that hybrid proteins which combine the specificity 
of CD4 with the multivalency and effector functions of different 
immunoglobulin subclasses could provide a realistic approach 
to AIDS therapy. We also think that our approach to designing 
hybrid immunoglobulin molecules could be applied more gen- 
erally for building novel immunoglobulin molecules. □ 
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The latent period of AIDS is influenced by factors which activate 
human immunodeficiency virus (HIV) replication in different cell 
types. Although monocytic cells may provide a reservoir for virus 
production in vivo l ~*, their regulation of HIV transcription has 
not been defined. We now report that HIV gene expression in the 
monocyte lineage is regulated by NF-kB, the same transcription 
factor known to stimulate the HIV enhancer in activated T cells 9 ; 
however, control of NF-kB and HIV in monocytes differs from 
that observed in T cells. NF-/cB-binding activity appears during 
the transition from promonocyte to monocyte in U937 cells induced 
to differentiate in vitro and is present constitutively in mature 
monocytes and macrophages. In a chronically infected pro- 
monocytic cell, Ul, differentiation is associated with HIV-1 repli- 
cation as well as NF-kB binding activity. These findings suggest 
that NF-kB binding activity is developmentally regulated in the 
monocyte lineage, and that it provides one signal for HIV activation 
in these cells. 
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We transfected monocytic cell lines from progressive stages 
of differentiation with a plasmid containing the HIV enhancer 
linked to the chloroamphenicol acetyltransferase (CAT) gene. 
Twenty-four hours after transfection, cells were incubated in 
medium alone or in the presence of 12-O-tetradecanoylphorboI- 
13-acetate (TPA). Expression of the HIV enhancer was induced 
by TPA in two immature monocyte leukaemia lines, a human 
granulocyte-macrophage leukaemia, HL-60, and the human pro- 
monocyte line, U937 (Fig. la). TPA treatment did not augment 
CAT expression in the mature macrophage leukaemic cells, 
THP-1, P388D1, or PU5-1.8, which showed higher basal activity 
(Fig. 16; note scale changes). 

Using a mutant HIV-CAT plasmid containing alterations 
in both kB sites 9 , we showed that induction of HIV-CAT 
expression in the immature lines, HL-60 and U937 (Fig. la), 
and constitutive expression in the mature lines was dependent 
on the kB sites (Fig. lb). This suggested that NF-kB is present 
in the induced progenitors and in the mature cells, and we 
therefore looked for NF-kB binding activity in nuclear extracts 
from these cell lines. NF-kB binding activity in the immature 
lines, HL-60 and U937, was induced by TPA, whereas in the 
mature macrophage lines, THP-1, PU5-1.8, and P388D1, it was 
constitutively expressed (Fig. 2a). We then determined whether 
NF-kB binding activity is present in normal human monocytes 
and/or macrophages. Nuclear extracts were prepared from 
human peripheral blood monocytes or adherent mononuclear 
cells, and NF-kB binding activity was found in both cell types 
as well as in mouse peritoneal macrophages (Fig. 2b). NF-kB 
binding is therefore constitutively active in normal and neoplas- 
tic mature mononuclear phagocytes, including blood monocytes 
and adherent macrophages. 

Treatment of immature monocytes with TPA, or the water- 
soluble phorbol-12, 13-dibutyrate 10 (PDB) (which is more easily 
removed from cells) causes differentiation into mature 
monocytes and macrophages, as judged by changes in cell 
growth, morphology, surface glycoproteins, and phagocytic 
function (Fig, 3, see also refs 11-15). HL-60 cells treated with 
PDB acquired characteristics of mature macrophages, display- 
ing growth arrest, increased phagocytosis, adherence, FcR and 
Mo 1 expression. At the same time, these cells began to express 
NF-kB binding activity which persisted even two days after 
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Figure 2B 



GAG 


GTG 


AAA 


AAG 


AAG 


CCC 


TTG 


TGC 


CTG 


CAG 


AGA 


GAA 


GCC 


AAG 


GTG 


987 


Gin 


Yal 


Lys 


Lys 


Lys 


Pro 


Leu 


Cys 


Leu 


Gin Arg 


Glu 


Ala 


Lys 


Val 


278 


CCT 


CAC 


TTG 


CCT 


GCC 


GAT 


AAG 


GCC 


CGG 


GGT 


ACA 


CAG 


GGC 


CCC 


GAG 


1032 


Pro 


His 


Leu 


Pro 


Ala 


Asp 


Lys 


Ala 


Arg 


Gly 


Thr 


Gin 


Gly 


Pro 


Glu 


293 


CAG 


CAG 


CAC 


CTG 


CTG 


ATC 


ACA 


GCG 


CCG 


AGC 


TCC 


AGC 


AGC 


AGC 


TCC 


1077 


Gin 


Gin 


His 


Leu 


Leu 


lie 


Thr 


Ala 


Pro 


Ser 


Ser 


Ser 


Ser 


Ser 


Ser 


306 


CTG 


GAG 


AGC 


TCG 


GCC 


AGT 


GCG 


TTG 


GAC 


AGA 


AGG 


GCG 


CCC 


ACT 


CGG 


1122 


Leu 


Glu 


Ser 


Ser 


Ala 


Ser 


Ala 


Leu 


Asp 


Arg Arg 


Ala 


Pro 


Thr 


Arg 


323 


AAC 


CAG 


CCA 


CAG 


GGA 


CCA 


GGC 


GTG 


GAG 


GCC 


AGT 


GGG 


GCC 


GGG 


GAG 


1167 


Asn 


Gin 


Pro 


Gin 


Ala 


Pro 


Gly 


val 


Glu 


Ala 


Ser 


Gly 


Ala 


Gly 


Glu 


338 


GCC 


CGG 


GCC 


AGC 


ACC 


GGG 


AGC 


TCA 


GAT 


TCT 


TCC 


CCT 


GGT 


GGC 


CAT 


1212 


Ala 


Arg 


Ala 


Ser 


Thr 


Gly 


Ser 


Ser 


Asp 


Ser 


Ser 


Pro 


Gly 


Gly 


His 


353 


GGG 


ACC 


CAG 


GTC 


AAT 


GTC 


ACC 


TGC 


ATC 


GTG 


AAC 


GTC 


TGT 


AGC 


AGC 


1257 


Gly 


Thr 


Gin 


Val 


Asn 


Val 


Thr 


Cys 


He 


val 


Asn 


Val 


Cys 


Ser 


Ser 


368 


TCT 


GAC 


CAC 


AGC 


TCA 


CAG 


TGC 


TCC 


TCC 


CAA 


GCC 


AGC 


TCC 


ACA 


ATG 


1302 


Ser 


Asp 


His 


Ser 


Ser 


Gin 


Cys 


Ser 


Ser 


Gin 


Ala 


Ser 


Ser 


Thr 


Met 


383 


GGA 


GAC 


ACA 


GAT 


TCC 


AGC 


CCC 


TCG 


GAG 


TCC 


CCG 


AAG 


GAC 


GAG 


CAG 


1347 


Gly 


Asp 


Thr 


Asp 


Ser 


Ser 


Pro 


Ser 


Glu 


Ser 


Pro 


Lys 


Asp 


Glu 


Gin 


398 


GTC 


CCC 


TTC 


TCC 


AAG 


GAG 


GAA 


TGT 


GCC 


TTT 


CGG 


TCA 


CAG 


CTG 


GAG 


1392 


Val 


Pro 


Phe 


Ser 


Lys 


Glu 


Glu 


Cys 


Ala 


Phe 


Arg 


Ser 


Gin 


Leu 


Glu 


413 


ACG 


CCA 


GAG 


ACC 


CTG 


CTG 


GGG 


AGC 


ACC 


GAA 


GAG 


AAG 


CCC 


CTG 


CCC 


1437 


Thr 


Pro 


Glu 


Thr 


Leu 


Leu 


Gly 


Ser 


Thr 


Glu 


Glu 


Lys 


Pro 


Leu 


Pro 


428 


CTT 


GGA 


GTG 


CCT 


GAT 


GCT 


GGG 


ATG 


AAG 


CCC 


AGT 










1470 


Leu 


Gly 


Val 


Pro Asp 


Ala 


Gly 


Met 


Lys 


Pro 


Ser 










439 



TAACCAGGCCGGTGTGGGCTGTGTCGTAGCCAAGGTGGGCTGAGCCCTGGCAGGATGAC 



CCTGCGAAGGGGCCCTGGTCCTTCCAGGCCCCCACCACTAGGACTCTGAGGCTCTTTCT 
GGGCCAAGTTCCTCTAGTGCCCTCCACAGCCGCAGCCTCCCTCTGACCTGCAG. . . 



B-223 



U.S. Patent Mar. 7, 1995 



Sheet 4 of 6 



5,395,760 



Figure 3A 
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Figure 3B 
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TCC 
Ser 


CTA 
Leu 


GAG 
Glu 


AGC 
Ser 


TCA 
Ser 


GCC 
Ala 


AGC 
Ser 


1065 
315 


GCT 
Ala 


GGG 
Gly 


GAC 
Asp 


CGA 
Arg 


AGG GCG 
Arg Ala 


CCC 
Pro 


CCT 
Pro 


GGG 
Gly 


GGC 
Gly 


CAT 
His 


CCC 
Pro 


CAA GCA AGA 
Gin Ala Arg 


1110 
330 


GTC 
Val 


ATG 
Met 


GCG 
Ala 


GAG 
Glu 


GCC 
Ala 


CAA 
Gin 


GGG 
Gly 


TTT 
Phe 


CAG 
Gin 


GAG 
Glu 


GCC 
Ala 


CGT 
Arg 


GCC 
Ala 


AGC 
Ser 


TCC 
Ser 


1155 
345 


AGG 
Arg 


ATT 
He 


TCA 
Ser 


GAT 
Asp 


TCT 
Ser 


TCC 
Ser 


CAC 

His 


GGA 
Gly 


AGC 
Ser 


CAC GGG 
His Gly 


ACC 
Thr 


CAC 
His 


GTC 
Val 


AAC 
Asn 


1200 
360 


GTC 
Val 


ACC 
Thr 


TGC 
Cys 


ATC 
He 


GTG 
Val 


AAC 
Asn 


GTC 
Val 


TGT 
Cys 


AGC 
Ser 


AGC 
Ser 


TCT 
Ser 


GAC 
Asp 


CAC 
His 


AGT 
Ser 


TCT 
Ser 


1245 
375 


CAG 
Gin 


TGC 
Cys 


TCT 
Ser 


TCC 
Ser 


CAA 
Gin 


GCC 
Ala 


AGC 
Ser 


GCC 
Ala 


ACA 
Thr 


GTG GGA 
Val Gly 


GAC 
Asp 


CCA GAT GCC 
Pro Asp Ala 


1290 
390 


AAG 


CCC 
Pro 


TCA 
Ser 


GCG 
Ala 


TCC 
Ser 


CCA 
Pro 


AAG 
Lvs 


GAT 

Asp 

****** 


GAG 
Glu 


CAG 
Gin 


GTC 
Val 


CCC 
Pro 


TTC 
Phe 


TCT 
Ser 


CAG 
Gin 


1335 
405 


GAG 
Glu 


GAG 
Glu 


TGT 
Cys 


CCG 
Pro 


TCT 
Ser 


CAG 
Gin 


TCC 
Ser 


CCG 
Pro 


TGT 
Cys 


GAG 
Glu 


ACT 
Thr 


ACA 
Thr 


GAG 
Glu 


ACA 
Thr 


CTG 
Leu 


1380 
420 


CAG 
Gin 


AGC 
Ser 


CAT 
His 


GAG 
Glu 


AAG 
Lys 


CCC 
Pro 


TTG 
Leu 


CCC 
Pro 


CTT 
Leu 


GGT GTG 
Gly Val 


CCG 
Pro 


GAT ATG 
Asp Met 


GGC 
Gly 


1425 
435 


ATG 
Met 


AAG 
Lys 


CCC 
Pro 


AGC 
Ser 


CAA 
Gin 


GCT 
Ala 


GGC 
Gly 


TGG 
Trp 


TTT 
Phe 


GAT CAG 
Asp Gin 


ATT 
He 


GCA 
Ala 


GTC 
Val 


AAA 
Lys 


1470 
450 


GTG 
Val 


GCC 
Ala 




























1476 
452 



TGACCCCTGACAGGGGTAACACCCTGCAAAGGGACCCCCGAGACCCTGAACCCATGGAAC 1536 

TTCATGACTTTTGCTGGATCCATTTCCCTTAGTGGCTTCCAGAGCCCCAGTTGCAGGTCA 1596 

AGTGAGGGCTGAGACAGCTAGAGTGGTCAAAAACTGCCATGGTGTTTTATGGGGGCAGTC 1656 

CCAGGAAGTTGTTGCTCTTCCATGACCCCTCTGGATCTCCTGGGCTCTTGCCTGATTCTT 1716 

GCTTCTGAGAGGCCCCAGTATTTTTTCCTTCTAAGGAGCTAACATCCTCTTCCATGAATA 1776 

GCACAGCTCTTCAGCCTGAATGCTGACACTGCAGGGCGGTTCCAGCAAGTAGGAGCAAGT 1836 

GGIGGCCTGGTAGGGCACAGAGGCCCTTCAGGTTAGTGCTAAACTCTTAGGAAGTACCCT 1896 

CTCCAAGCCCACCGAAATTCTTTTGATGCAAGAATCAGAGGCCCCATCAGGCAGAGTTGC 1956 

TCTGTTATAGGATGGTAGGGCTGTAACTCAgTGGTCCAgTGTGCTTTTAGCATGCCCTGG 2016 

GTTTGATCCTCAGCAACACATGCAAAACGTAAGTAGACAGCAGACAGCAGACAGCACAGC 2076 

CAGCCCCCTGTGTGGTTTGCAGCCTCTGCCTTTGACTTTTACTCTGGTGGGCACACAGAG 2136 

GGCTGGAGCTCCTCCTCCTGACCTTCTAATGAGCCCTTCCAAGGCCACGCCTTCCTTCAG 2196 

GGAATCTCAGGGACTGTAGAGTTCCCAGGCCCCTGCAGCCACCTGTCTCTTCCTACCTCA 2256 

GCCTGGAGCAcTCCCTCTAACTCCCCAACGgCTTGGTACTGTACTTGCTGTGACCCCAAC 2316 

GTGCATTGTCCGGGTTAGGCACTGTGAGTTGGAACAGCTcATGACATCGGTTGAAAGGCC 2376 

CACCCGGAAACAGCTAAGCCAGCTCTTTTGCCAAAGGATTCATGCCGGTTTTCTAATCAa 2436 

CCTGCTCCCTAGCATTGCCTGGAAGGAAAGGGTTCAGGAGACTCCTCAAGAAGCAAGTTC 2496 

AGTCTCAGGTGCTTGGATGCCATGCTCACCGATTCCACTGGATATGAACTTGGCAGAGGA 2556 

B-225 
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Figure 3C 



GCCTAGTTGTTGCCATGGAGACTTAAAGAGCTCAGCACTCTGGAATCAAGATACTGGACA 2616 

CTTGGGGCCGACTTG7TAAGGCTCTGCAGCATCAGACTGTAGAGGGGAAGGAACACGTCT 2676 

GCCCCCTGGTGGCCCGTCCTGGGAt GACCTCGGGCCtCCTAGGCAACAAAAGAATGAATT 2736 

GGAAAGGATGTTCCTGGGTGTGGCCTAGCTCCTGTGCTTGTGTGGATCCCTAAAGGGTGT 2796 

GCTAAGGAGCAATTGCACTGTGTGCTGGACAGAATTCCTGCTTATAAATGCTTTTTGTTG 2856 

TTGTTTTGTACACTGAGCCCTGGCTGAGCCACCCCACCCCACCTCCCATCCCACCTTTAC 2916 

ACGCCACTCTTGOkXGaGAACCTGGCTGTCTCCCACTTGTAGCCTGTGGATGCTGAGGAA 2976 

ACACCCAGCCAAGTAGACTCCAGGCTTgCCCCTATCTCCTGcTaTGAGTcTggCCTCCTC 3036 

At TgTGTTGTGGGAAgGAGACGGGtTCTGTCATCTCGGAAcgCCCACACCGTGGATGTGA 3096 

ACAaTGGCTGTACTAGCTTAGACCAgCTTAGGGCTCTGCArATGACAGGAGGGGGAGCAG 3156 

GGAACAATTTGAGTGCTGACCTATAACACAgTTCCTAAAGGATCGGGCAGTCCAGAATCT 3216 

CCTCCTTCAGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTCCATGTT 3276 

TGCATGTATGTGTGTGCCAGTGTGTGGAGGCCCGAGGTTGGCTTTGGGTGTGTTTGATCA 3336 

CTCTCCAGTTACTGAGGCGGGCTCTCATCTGTACCCAGAGCTTGCACATTTTCTAGTCTA 3396 

ACTTGATTCAGGGATCTCTGTCTGCCTATGGAGgTGCTCAGGTTACAGGCAGGCTGCCAT 3456 

ACCTGCCCGACATTTACATGAATACTAGAGATCTGAATTCTGGTCCTCACACTTGTATAC 3516 

CTGCATTTTATCCACTAAGACATCTCTCCAAGGGCTCCCCCTTCCTATTTAATAAGTTAG 3576 

TTTTGAACTGGCAAGATGGCTCAGTGGGTAAGGCAGTTTGCGGACAAACCTGATGACCTG 3636 

AGTTGGATCCCTGACCATAAGGTAGAAGAGACCTGATTCCTGCAAGTTGTCCTCTGACCA 3696 

CCACCCCATACATGCTTCTGCATATGTGCACACATCACATTCTTGCACACACACTCACAT 3756 

ACCATAAATGXAATAAATTTTTTTAAATAAATTGATTTTATCTTTTAAAAAAAAAAA 3813 
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DNA ENCODING TUMOR NECROSIS FACTOR-ct 
AND -p RECEPTORS 
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BACKGROUND OF THE INVENTION 15 

The present invention relates generally to cytokine 
receptors and more specifically to tumor necrosis factor 
receptors. 

Tumor necrosis factor-a (TNFa, also known as ca- 
chectin) and tumor necrosis factor-/? (TNF/3, also 20 
known as lymphotoxin) are homologous mammalian 
endogenous secretory proteins capable of inducing a 
wide variety of effects on a large number of cell types. 
The great similarities in the structural and functional 
characteristics of these two cytokines have resulted in 25 
their collective description as "TNF." Complementary 
cDNA clones encoding TNFa (Pennica et al., Nature 
312:724, 1984) and TNF£ (Gray et al., Nature 312:721, 

1984) have been isolated, permitting further structural 
and biological characterization of TNF. 30 

TNF proteins initiate their biological effect on cells 
by binding to specific TNF receptor (TNF-R) proteins 
expressed on the plasma membrane of a TNF-respon- 
sive cell. TNFa and TNF/J were first shown to bind to 
a common receptor on the human cervical carcinoma 35 
cell line ME-180 (Aggarwal et al., Nature 318:665, 

1985) . Estimates of the size of the TNF-R determined 
by affinity labeling studies ranged from 54 to 175 kDa 
(Creasey et al, Proc Natl Acad Sci USA 84:3293, 1987; 

Stauber et al., /. Biol Chem. 263:19098, 1988; Hohmann 40 necrosis factor receptors (TNF-R), in particular, human 



Pro— (/ Biol Chem. 265:1531, 1990). The two urinary 
proteins disclosed by the UK 2 218 101 A and the En- 
gelmann et al. publications were shown to be immuno- 
chemically related to two apparently distinct cell sur- 
face proteins by the ability of antiserum against the 
binding proteins to inhibit TNF binding to certain cells. 

More recently, two separate groups reported the 
molecular cloning and expression of a human 55 kDa 
TNF-R (Loetscher et al., Cell 61 :35 1, 1990; Schall et al., 
Cell 61:361, 1990). The TNF-R of both groups has an 
N-terminal amino acid sequence which corresponds to 
the partial amino acid sequence of the urinary binding 
protein disclosed by UK 2 218 101 A, Engelmann et al. 
(1989) and Engelmann et al. (1990). 

In order to elucidate the relationship of the multiple 
forms of TNF-R and soluble urinary TNF binding pro- 
teins, or to study the structural and biological charac- 
teristics of TNF-Rs and the role played by TNF-Rs in 
the responses of various cell populations to TNF or 
other cytokine stimulation, or to use TNF-Rs effec- 
tively in therapy, diagnosis, or assay, purified composi- 
tions of TNF-R are needed. Such compositions, how- 
ever, are obtainable in practical yields only by cloning 
and expressing genes encoding the receptors using re- 
combinant DNA technology. Efforst to purify the 
TNF-R molecule for use in biochemical analysis or to 
clone and express mammalian genes encoding TNF-R, 
however, have been impeded by lack of a suitable 
source of receptor protein or mRNA. Prior to the pres- 
ent invention, no cell lines were known to express high 
levels of TNF-R constitutively and continuously, 
which precluded purification of receptor for sequenc- 
ing or construction of genetic libraries for cDNA clon- 
ing. 

SUMMARY OF THE INVENTION 

The present invention provides isolated TNF recep- 
tors and DNA sequences encoding mammalian tumor 



et al., /. Biol Chem. 264:14927, 1989). Although the 
relationship between these TNF-Rs of different molecu- 
lar mass is unclear, Hobmann et al. (J. Biol Chem. 
264:14927, 1989) reported that at least two different cell 
surface receptors for TNF exist on different cell types. 
These receptors have an apparent molecular mass of 
about 80 kDa and about 55-60 kDa, respectively. None 
of the above publications, however, reported the purifi- 
cation to homogeneity of cell surface TNF receptors. 

In addition to cell surface receptors for TNF, soluble 
proteins from human urine capable of binding TNF 
have also been identified (Peetre et al., Eur. J. Ha- 
ematol 41:414, 1988; Seckinger et al., /. Exp. Med 
167:1511, 1988; Seckinger et al., /. Biol Chenu 
264:11966, 1989; UK Patent Application, Publ. No. 2 
218 101 A to Seckinger et al.; Engelmann et al., /. Biol 
Chem. 264:1 1974, 1989). The soluble urinary TNF bind- 
ing protein disclosed by UK 2 218 101 A has a partial 
N-terminal amino acid sequence of As- 
P — Ser — Val — Cys — Pro — , which corresponds to the 
partial sequence disclosed later by Engelmann et al. 
(1989). The relationship of the above soluble urinary 
binding proteins was further elucidated after original 
parent application (U.S. Ser. No. 403,241) of the present 
application was filed, when Engelmann et al. reported 
the identification and purification of a second distinct 
soluble urinary TNF binding protein having an N-ter- 
minal amino acid sequence of Val — Ala — Phe — Thr — 



45 



50 



55 



60 



65 



TNF-Rs. Such DNA sequences include (a) cDNA 
clones having a nucleotide sequence derived from the 
coding region of a native TNF-R gene; (b) DNA se- 
quences which are capable of hybridization to the 
cDNA clones of (a) under moderately stringent condi- 
tions and which encode biologically active TNF-R 
molecules; or (c) DNA sequences which are degenerate 
as a result of the genetic code to the DNA sequences 
defined in (a) and (b) and which encode biologically 
active TNF-R molecules. In particular, the present 
invention provides DNA sequences which encode solu- 
ble TNF receptors. 

The present invention also provides recombinant 
expression vectors comprising the DNA sequences 
defined above, recombinant TNF-R molecules pro- 
duced using the recombinant expression vectors, and 
processes for producing the recombinant TNF-R mole- 
cules using the expression vectors. 

The present invention also provides isolated or puri- 
fied protein compositions comprising TNF-R, and, in 
particular, soluble forms of TNF-R. 

The present invention also provides compositions for 
use in therapy, diagnosis, assay of TNF-R, or in raising 
antibodies to TNF-R, comprising effective quantities of 
soluble native or recombinant receptor proteins pre- 
pared according to the foregoing processes. 

Because of the ability of TNF to specifically bind 
TNF receptors (TNF-Rs), purified TNF-R composi- 
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tions will be useful in diagnostic assays for TNF, as well murine) and followed by a A (to designate a deletion) 

as in raising antibodies to TNF receptor for use in diag- and the number of the Otenninal amino acid. For ex- 

nosis and therapy. In addition, purified TNF receptor ample, huTNF-RA235 refers to human TNF-R having 

compositions may be used directly in therapy to bind or Asp 235 as the C-terminal amino acid (i.e„ a polypeptide 

scavenge TNF, thereby providing a means for regulat- 5 having the sequence of amino acids 1-235 of FIG. 2A). 

ing the immune activities of this cytokine. in the absence of any human or murine species designa- 

These and other aspects of the present invention will tion, TNF-R refers generically to mammalia TNF-R. 

become evident upon reference to the following de- Similarly, in the absence of any specific designation for 

tailed description. deletion mutants, the term TNF-R means all forms of 

BRIEF DESCRIPTION OF THE DRAWINGS 10 TNF-R, including mutants and analogs which possess 

„ . , _ , TNF-R biological activity. 

FIG. 1 is a schematic representabon of the coding « SoluWe ^.r,, of « sXNF . R ., ^ in the con- 

^Vl^TJ^lT^l^™ te * ° f P^«t invention refer to proteins, or sub- 

TNF-Rs. The leader sequence is hatched and the trans- ^ „ . . . , r . .. 

membrane region is solid. 15 stantially «!"val«t analogs, having an amino acid se- 

FIGS. 2A-2B depict the partial cDNA sequence and Q^nce corres^nding to all or part of tJe^aceUular 

derived amino acid sequence of the humL TNF-R J*^^^ 

clone 1. Nucleotides are numbered from the beginning buTNF-RA185 and huTNF-RA163, or ammo acid se- 
of the 5' untranslated region. Amino acids are numbered quences substantiaUy similar to the sequences of amino 
from the beginning of the signal peptide sequence. The 2 0 55? 1-163, 2X303110 acids 1_185 ' or amino acids 1-235 of 
putative signal peptide sequence is represented by the FIG * 2A > which m biologically active in that they 
amino acids -22 to -1. The N-terminal leucine of the bmd to 11 Equivalent soluble TNF-Rs in- 
mature TNF-R protein is underlined at position 1. The clude polypeptides which vary from these sequences by 
predicted transmembrane region from amino acids 236 one or more substitutions, deletions, or additions, and 
to 265 is also underlined. The C-termini of various solu- 2 5 which retain ^ **ffifey to bind TNF or inhibit TNF 
ble TNF-Rs are marked with an arrow ( f ). signal transduction activity via cell surface bound TNF 
FIGS. 3A-3C depict the cDNA sequence and de- receptor proteins, for example huTNF-RAx, wherein x 
rived amino acid sequence of murine TNF-R clone 11. is selected from the group consisting of any one of 
The putative signal peptide sequence is represented by amino acids 163-235 of FIG. 2A. Analogous deletions 
amino acids —22 to —1. The N-terminal valine of the 30 may be made to muTNF-R. Inhibition of TNF signal 
mature TNF-R protein is underlined at position 1. The transduction activity can be determined by transfecting 
predicted transmembrane region from amino acids 234 cells with recombinant TNF-R DNAs to obtain recom- 
to 265 is also underlined. binant receptor expression. The cells are then contacted 

ncTA tt npcnn tpxtoxt ot? TTTO ***** me resulting metabolic effects examined. 

DETAILED D^CWraON OF THE ^ ff „ efifect resuks which ^ attributable to the action of 

the ligand, then the recombinant receptor has signal 
Definitions transduction activity. Exemplary procedures for deter- 

As used herein, the terms "TNF receptor" and mining whether a polypeptide has signal transduction 
*TNF-R" refer to proteins having amino acid sequen- activity are disclosed by Idzerda et al., Exp. Med. 
ces which are substantially similar to the native mam- 40 171:861 (1990); Curtis et al., Proa Natl Acad. ScL USA 
malian TNF receptor amino acid sequences, and which 86:3045 (1989); Prywes et al., EMBO J. 5:2179 (1986) 
are biologically active, as defined below, in that they Chou et J - Bi °t Chenu 262:1842 (1987). Alterna- 

are capable of binding TNF molecules or transducing a tively, primary cells or cell lines which express an en- 
biological signal initiated by a TNF molecule binding to dogenous TNF receptor and have a detectable biologi- 
a cell, or cross-reacting with anti-TNF-R antibodies 45 response to TNF could also be utilized, 
raised against TNF-R from natural (i.e., nonrecombi- The term "isolated" or "purified", as used in the 
nant) sources. The mature full-length human TNF-R is context of this specification to define the purity of 
a glycoprotein having a molecular weight of about 80 TNF-R protein or protein compositions, means that the 
kilodaltons (kDa). As used throughout the specification, protein or protein composition is substantially free of 
the term "mature" means a protein expressed in a form 50 other proteins of natural or endogenous origin and con- 
lacking a leader sequence as may be present in full- tains less than about 1% by mass of protein contami- 
length transcripts of a native gene. Experiments using nants residual of production processes. Such composi- 
COS cells transfected with a cDNA encoding full- tions, however, can contain other proteins added as 
length human TNF-R showed that TNF-R bound 125 I- stabilizers, carders, excipients or co-therapeutics. 
TNFa with an apparent K<, of about 5x 10 9 M-!, and 55 TNF-R is isolated if it is detectable as a single protein 
that TNF-R bound 125 I-TNF/J with an apparent K<j of band in a polyacrylamide gel by silver staining, 
about 2xl0 9 M~ 1 . The terms "TNF receptor" or The term "substantially similar," when used to define 
"TNF-R" include, but are not limited to, analogs or either amino acid or nucleic acid sequences, means that 
subunits of native proteins having at least 20 amino a particular subject sequence, for example, a mutant 
acids and which exhibit at least some biological activity 60 sequence, varies from a reference sequence by one or 
in common with TNF-R, for example, soluble TNF-R more substitutions, deletions, or additions, the net effect 
constructs which are devoid of a transmembrane region of which is to retain biological activity of the TNF-R 
(and are secreted from the cell) but retain the ability to protein as may be determined, for example, in one of the 
bind TNF. Various bioequivalent protein and amino TNF-R binding assays set forth in Example 1 below, 
acid analogs are described in detail below. 65 Alternatively, nucleic acid subunits and analogs are 

The nomenclature for TNF-R analogs as used herein "substantially similar" to the specific DNA sequences 
foDows the convention of naming the protein (e.g., disclosed herein if: (a) the DNA sequence is derived 
TNF-R) preceded by either hu (for human) or mu (for from the coding region of a native mammalian TNF-R 



gene; (b) the DNA sequence is capable of hybridization 
to DNA sequences of (a) under moderately stringent 
conditions (50° O, 2X SSC) and which encode biologi- 
cally active TNF-R molecules; or DNA sequences 
which are degenerate as a result of the genetic code to 
the DNA sequences defined in (a) or (b) and which 
encode biologically active TNF-R molecules. 

"Recombinant," as used herein, means that a protein 
is derived from recombinant (e.g., microbial or mamma- 
lian) expression systems. "Microbial" refers to recombi- 
nant proteins made in bacterial or fungal (e.g., yeast) 
expression systems. As a product, "recombinant micro- 
bial" defines a protein produced in a microbial expres- 
sion system which is essentially free of native endoge- 
nous substances. Protein expressed in most bacterial 
cultures, e.g., K colt, will be free of glycan. Protein 
expressed in yeast may have a glycosylation pattern 
different from that expressed in mammalian cells. 

"Biologically active," as used throughout the specifi- 
cation as a characteristic of TNF receptors, means that 
a particular molecule shares sufficient amino acid se- 
quence similarity with the embodiments of the present 
invention disclosed herein to be capable of binding 
detectable quantities of TNF, transmitting a TNF stim- 
ulus to a cell, for example, as a component of a hybrid 
receptor construct, or cross-reacting with anti-TNF-R 
antibodies raised against TNF-R from natural (i.e., non- 
recombinant) sources. Preferably, biologically active 
TNF receptors within the scope of the present inven- 
tion are capable of binding greater than 0. 1 nmoles TNF 
per nmole receptor, and most preferably, greater than 

0. 5 nmole TNF per nmole receptor in standard binding 
assays (see below). 

"Isolated DNA sequence" refers to a DNA polymer, 
in the form of a separate fragment or as a component of 
a larger DNA construct, which has been derived from 
DNA isolated at least once in substantially pure form, 

1. e., free of contaminating endogenous materials and in a 
quantity or concentration enabling identification, ma- 
nipulation, and recovery of the sequence and its compo- 
nent nucleotide sequences by standard biochemical 
methods, for example, using a cloning vector. Such 
sequences are preferably provided in the form of an 
open reading frame uninterrupted by internal nontran- 
slated sequences, or introns, which are typically present 
in eukaryotic genes. Genomic DNA containing the 
relevant sequences could also be used as a source of 
coding sequences. Sequences of non-translated DNA 
may be present 5' or 3' from the open reading frame, 
where the same do not interfere with manipulation or 
expression of the coding regions. 

"Nucleotide sequence" refers to a heteropolymer of 
deoxyribonucleotides. DNA sequences encoding the 
proteins provided by this invention can be assembled 
from cDNA fragments and short oligonucleotide link- 
ers, or from a series of oligonucleotides, to provide a 
synthetic gene which is capable of being expressed in a 
recombinant transcriptional unit 

Isolation of cDNAs Encoding TNF-R 

The coding sequence of TNF-R is obtained by isolat- 
ing a complementary DNA (cDNA) sequence encoding 
TNF-R from a recombinant cDNA or genomic DNA 
library. A cDNA library is preferably constructed by 
obtaining polyadenylated mRNA from a particular cell 
line which expresses a mammalian TNF-R, for example, 
the human fibroblast cell line WI-26 VA4 (ATCC CCL 
95.1) and using the mRNA as a template for synthesiz- 
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ing double stranded cDNA. The double stranded 
cDNA is then packaged into a recombinant vector, 
which is introduced into an appropriate & coli strain 
and propagated. Murine or other mammalian cell lines 

5 which express TNF-R may also be used. TNF-R se- 
quences contained in the cDNA library can be readily 
identified by screening the library with an appropriate 
nucleic acid probe which is capable of hybridizing with 
TNF-R cDNA. Alternatively, DNAs encoding TNF-R 

10 proteins can be assembled by ligation of synthetic oligo- 
nucleotide subunits corresponding to all or part of the 
sequence of FIGS. 2A-2B or 3A-3C to provide a com- 
plete coding sequence. 
The human TNF receptor cDNAs of the present 

15 invention were isolated by the method of direct expres- 
sion cloning. A cDNA library was constructed by first 
isolating cytoplasmic mRNA from the human fibroblast 
cell line WI-26 VA4. Polyadenylated RNA was isolated 
and used to prepare double-stranded cDNA. Purified 

20 cDNA fragments were then ligated into pCAV/NOT 
vector DNA which uses regulatory sequences derived 
from pDC201 (a derivative of pMLSV, previously de- 
scribed by Cosman et al., Nature 312:768, 1984), SV40 
and cytomegalovirus DNA, described in detail below in 

25 Example 2. pCAV/NOT has been deposited with the 
American Type Culture Collection under accession No. 
ATCC 68014. The pCAV/NOT vectors containing the 
WI26-VA4 cDNA fragments were transformed into & 
coli strain DH5a. Transformants were plated to provide 

30 approximately 800 colonies per plate. The resulting 
colonies were harvested and each pool used to prepare 
plasmid DNA for transfection into COS-7 cells essen- 
tially as described by Cosman et al. (Nature 312:768, 
1984) and Luthman et al. (Nucl Acid Res. 11:1295, 

35 1983). Transformants expressing biologically active cell 
surface TNF receptors were identified by screening for 
their ability to bind 125 I-TNF. In this screening ap- 
proach, transfected COS-7 cells were incubated with 
medium containing 125 I-TNF, the cells washed to re- 

40 move unbound labeled TNF, and the cell monolayers 
contacted with X-ray film to detect concentrations of 
TNF binding, as disclosed by Sims et al, Science 241 :585 
(1988). Transfectants detected in this manner appear as 
dark foci against a relatively light background. 

45 Using this approach, approximately 240,000 cDNAs 
were screened in pools of approximately 800 cDNAs 
until assay of one transfectant pool indicated positive 
foci for TNF binding. A frozen stock of bacteria from 
this positive pool was grown in culture and plated to 

50 provide individual colonies, which were screened until 
a single clone (clone 1) was identified which was capa- 
ble of directing synthesis of a surface protein with de- 
tectable TNF binding activity. The sequence of cDNA 
clone 1 isolated by the above method is depicted in 

55 FIGS. 2A-2C. 

Additional cDNA clones can be isolated from cDNA 
libraries of other mammalian species by cross-species 
hybridization. For use in hybridization, DNA encoding 
TNF-R may be covalently labeled with a detectable 

60 substance such as a fluorescent group, a radioactive 
atom or a chemuuminescent group by methods well 
known to those skilled in the art. Such probes could also 
be used for in vitro diagnosis of particular conditions. 
Like most mammalian genes, mammalian TNF recep- 

65 tors are presumably encoded by multi-exon genes. Al- 
ternative mRNA constructs which can be attributed to 
different mRNA splicing events following transcrip- 
tion, and which share large regions of identity or simi- 
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Iarity with the cDNAs claimed herein, are considered 
to be within the scope of the present invention. 

Other mammalian TNF-R cDNAs are isolated by 
using an appropriate human TNF-R DNA sequence as 
a probe for screening a particular mammalian cDNA 5 
library by cross-species hybridization. 

Proteins and Analogs 

The present invention provides isolated recombinant 
mammalian TNF-R polypeptides. Isolated TNF-R 10 
polypeptides of this invention are substantially free of 
other contaminating materials of natural or endogenous 
origin and contain less than about 1% by mass of pro- 
tein contaminants residual of production processes. The 
native human TNF-R molecules are recovered from 15 
cell lysates as glycoproteins having an apparent molecu- 
lar weight by SDS-PAGE of about 80 kilodaltons 
(kDa). The TNF-R polypeptides of this invention are 
optionally without associated native-pattern glycosyla- 
tion. 20 

Mammalian TNF-R of the present invention includes, 
by way of example, primate, human, murine, canine, 
feline, bovine, ovine, equine and porcine TNF-R. Mam- 
malian TNF-Rs can be obtained by cross species hy- 
bridization, using a single stranded cDNA derived from 25 
the human TNF-R DNA sequence as a hybridization 
probe to isolate TNF-R cDNAs from mammalian 
cDNA libraries. 

Derivatives of TNF-R within the scope of the inven- 
tion also include various structural forms of the primary 30 
protein which retain biological activity. Due to the 
presence of ionizable amino and carboxyl groups, for 
example, a TNF-R protein may be in the form of acidic 
or basic salts, or may be in neutral form. Individual 
amino acid residues may also be modified by oxidation 35 
or reduction. 

The primary amino acid structure may be modified 
by forming covalent or aggregative conjugates with 
other chemical moieties, such as glycosyl groups, lipids, 
phosphate, acetyl groups and the like, or by creating 40 
amino acid sequence routants. Covalent derivatives are 
prepared by linking particular functional groups to 
TNF-R amino acid side chains or at the N- or C-termini. 
Other derivatives of TNF-R within the scope of this 
invention include covalent or aggregative conjugates of 45 
TNF-R or its fragments with other proteins or polypep- 
tides, such as by synthesis in recombinant culture as 
N-terminal or C-terminal fusions. For example, the 
conjugated peptide may be a a signal (or leader) poly- 
peptide sequence at the N-terminal region of the protein 50 
which co-translationally or post-translationally directs 
transfer of the protein from its site of synthesis to its site 
of function inside or outside of the cell membrane or 
wall (e.g., the yeast a-factor leader). TNF-R protein 
fusions can comprise peptides added to facilitate purifl- 55 
cation or identification of TNF-R (e.g., poly-His). The 
amino acid sequence of TNF receptor can also be linked 
to the peptide Asp— Tyr — Lys — Asp — Asp — Asp— As- 
p— Lys (DYKDDDDK) (Hopp et al., Bio/Technology 
6:1204,1988.) The latter sequence is highly antigenic 60 
and provides an epitope reversibly bound by a specific 
monoclonal antibody, enabling rapid assay and facile 
purification of expressed recombinant protein. This 
sequence is also specifically cleaved by bovine mucosal 
enterokinase at the residue immediately following the 65 
Asp — Lys pairing. Fusion proteins capped with this 
peptide may also be resistant to intracellular degrada- 
tion in R colL 
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TNF-R derivatives may also be used as immunogens, 
reagents in receptor-based immunoassays, or as binding 
agents for affinity purification procedures of TNF or 
other binding ligands. TNF-R derivatives may also be 
obtained by cross-linking agents, such as M-maleimido- 
benzoyl succinimide ester and N-hydroxysuccinimide, 
at cysteine and lysine residues. TNF-R proteins may 
also be covalently bound through reactive side groups 
to various insoluble substrates, such as cyanogen bro- 
mide-activated, bisoxirane-activated, carbonyl- 
diimidazole-activated or tosyl-activated agarose struc- 
tures, or by adsorbing to polyolefin surfaces (with or 
without glutaraldehyde cross-linking). Once bound to a 
substrate, TNF-R may be used to selectively bind (for 
purposes of assay or purification) anti-TNF-R antibod- 
ies or TNF. 

The present invention also includes TNF-R with or 
without associated native-pattern glycosylation. 
TNF-R expressed in yeast or mammalian expression 
systems, e.g., COS-7 cells, may be similar or slightly 
different in molecular weight and glycosylation pattern 
than the native molecules, depending upon the expres- 
sion system. Expression of TNF-R DNAs in bacteria 
such as K coli provides non-glycosylated molecules. 
Functional mutant analogs of mammalian TNF-R hav- 
ing inactivated N-glycosylation sites can be produced 
by oligonucleotide synthesis and ligation or by site- 
specific mutagenesis techniques. These analog proteins 
can be produced in a homogeneous, reduced-carbohy- 
drate form in good yield using yeast expression systems. 
N-glycosylation sites in eukaryotic proteins are charac- 
terized by the amino acid triplet Asn — Ai — Z,, where 
A i is any amino acid except Pro, and Z is Ser or Thr. In 
this sequence, asparagine provides a side chain amino 
group for covalent attachment of carbohydrate. Such a 
site can be eliminated by substituting another amino 
acid for Asn or for residue Z, deleting Asn or Z, or 
inserting a non-Z amino acid between Ai and Z, or an 
amino acid other than Asn between Asn and Ai. 

TNF-R derivatives may also be obtained by muta- 
tions of TNF-R or its subunits. A TNF-R mutant, as 
referred to herein, is a polypeptide homologous to 
TNF-R but which has an amino acid sequence different 
from native TNF-R because of a deletion, insertion or 
substitution. 

Bioequivalent analogs of TNF-R proteins may be 
constructed by, for example, making various substitu- 
tions of residues or sequences or deleting terminal or 
internal residues or sequences not needed for biological 
activity. For example, cysteine residues can be deleted 
(e.g., Cys 178 ) or replaced with other amino acids to 
prevent formation of unnecessary or incorrect intramo- 
lecular disulfide bridges upon renaturation. Other ap- 
proaches to mutagenesis involve modification of adja- 
cent dibasic amino acid residues to enhance expression 
in yeast systems in which KEX2 protease activity is 
present. Generally, substitutions should be made con- 
servatively; i.e., the most preferred substitute amino 
acids are those having physiochemical characteristics 
resembling those of the residue to be replaced. Simi- 
larly, when a deletion or insertion strategy is adopted, 
the potential effect of the deletion or insertion on bio- 
logical activity should be considered. Substantially sim- 
ilar polypeptide sequences, as defined above, generally 
comprise a like number of amino acids sequences, al- 
though C-terminal truncations for the purpose of con- 
structing soluble TNF-Rs will contain fewer amino acid 
sequences. In order to preserve the biological activity 
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of TNF-Rs, deletions and substitutions will preferably 
result in homologous or conservatively substituted se- 
quences, meaning that a given residue is replaced by a 
biologically similar residue. Examples of conservative 
substitutions include substitution of one aliphatic resi- 
due for another, such as He, Val, Leu, or Ala for one 
another, or substitutions of one polar residue for an- 
other, such as between Lys and Arg; Glu and Asp; or 
Gin and Asn. Other such conservative substitutions, for 
example, substitutions of entire regions having similar 
hydrophobicity characteristics, are well known. More- 
over, particular amino acid differences between human, 
murine and other mammalian TNF-Rs is suggestive of 
additional conservative substitutions that may be made 
without altering the essential biological characteristics 
of TNF-R. 

Subunits of TNF-R may be constructed by deleting 
terminal or internal residues or sequences. Particularly 
preferred sequences include those in which the trans- 
membrane region and intracellular domain of TNF-R 20 
are deleted or substituted with hydrophilic residues to 
facilitate secretion of the receptor into the cell culture 
medium. The resulting protein is referred to as a soluble 
TNF-R molecule which retains its ability to bind TNF. 
A particularly preferred soluble TNF-R construct is 25 
TNF-RA235 (the sequence of amino acids 1-235 of 
FIG. 2A), which comprises the entire extracellular 
region of TNF-R, terminating with Asp 235 immediately 
adjacent the transmembrane region. Additional amino 
acids may be deleted from the transmembrane region 
while retaining TNF binding activity. For example, 
huTNF-RA183 which comprises the sequence of amino 
acids 1-183 of FIG. 2A, and TNF-RA163 which com- 
prises the sequence of amino acids 1-163 of FIG. 2A, 
retain the ability to bind TNF ligand as determined 
using the binding assays described below in Example 1. 
TNF-RA142, however, does not retain the ability to 
bind TNF ligand. This suggests that one or both of 
Cys 157 and Cys 163 is required for formation of an intra- 
molecular disulfide bridge for the proper folding of 40 
TNF-R. Cys 178 , which was deleted without any appar- 
ent adverse effect on the ability of the soluble TNF-R to 
bind TNF, does not appear to be essential for proper 
folding of TNF-R. Thus, any deletion C-terminal to 
Cys 163 would be expected to result in a biologically 45 
active soluble TNF-R. The present invention contem- 
plates such soluble TNF-R constructs corresponding to 
all or part of the extracellular region of TNF-R termi- 
nating with any amino acid after Cys 163 . Other C-termi- 
nal deletions, such as TNF-RA157, may be made as a 50 
matter of convenience by cutting TNF-R cDNA with 
appropriate restriction enzymes and, if necessary, re- 
constructing specific sequences with synthetic oligonu- 
cleotide linkers. The resulting soluble TNF-R con- 
structs are then inserted and expressed in appropriate 55 
expression vectors and assayed for the ability to bind 
TNF, as described in Example 1. Biologically active 
soluble TNF-Rs resulting from such constructions are 
also contemplated to be within the scope of the present 
invention. 

Mutations in nucleotide sequences constructed for 
expression of analog TNF-R must, of course, preserve 
the reading frame phase of the coding sequences and 
preferably will not create complementary regions that 
could hybridize to produce secondary mRNA struc- 
tures such as loops or hairpins which would adversely 
affect translation of the receptor mRNA. Although a 
mutation site may be predetermined, it is not necessary 
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that the nature of the mutation per se be predetermined. 
For example, in order to select for optimum characteris- 
tics of mutants at a given site, random mutagenesis may 
be conducted at the target codon and the expressed 
TNF-R mutants screened for the desired activity. 

Not all mutations in the nucleotide sequence which 
encodes TNF-R will be expressed in the final product, 
for example, nucleotide substitutions may be made to 
enhance expression, primarily to avoid secondary struc- 
ture loops in the transcribed mRNA (see EPA 75,444A, 
incorporated herein by reference), or to provide codons 
that are more readily translated by the selected host, 
e.g., the well-known & coli preference codons for K 
coli expression. 

Mutations can be introduced at particular loci by 
synthesizing oligonucleotides containing a mutant se- 
quence, flanked by restriction sites enabling ligation to 
fragments of the native sequence. Following ligation, 
the resulting reconstructed sequence encodes an analog 
having the desired amino acid insertion, substitution, or 
deletion. 

Alternatively, oligonucleotide-directed site-specific 
mutagenesis procedures can be employed to provide an 
altered gene having particular codons altered according 
to the substitution, deletion, or insertion required. Ex- 
emplary methods of making the alterations set forth 
above are disclosed by Walder et al. {Gene 42:133, 
1986); Bauer et al. {Gene 37:73, 1985); Craik {BioTech- 
niques, Jan. 12-19, 1985); Smith et al. {Genetic Engineer- 
ing; Principles and Methods, Plenum Press, 1981); and 
U.S. Pat Nos. 4,518,584 and 4,737,462 disclose suitable 
techniques, and are incorporated by reference herein. 

Both monovalent forms and polyvalent forms of 
TNF-R are useful in the compositions and methods of 
this invention. Polyvalent forms possess multiple 
TNF-R binding sites for TNF ligand. For example, a 
bivalent soluble TNF-R may consist of two tandem 
repeats of amino acids 1-235 of FIG. 2A, separated by 
a linker region. Alternate polyvalent forms may also be 
constructed, for example, by chemically coupling 
TNF-R to any clinically acceptable carrier molecule, a 
polymer selected from the group consisting of Ficoll, 
polyethylene glycol or dextran using conventional cou- 
pling techniques. Alternatively, TNF-R may be chemi- 
cally coupled to biotin, and the biotin-TNF-R conju- 
gate then allowed to bind to avidin, resulting in tetrava- 
lent avidin/biotin/TNF-R molecules. TNF-R may also 
be covalently coupled to dinitrophenol (DNP) or trini- 
trophenol (TNP) and the resulting conjugate precipi- 
tated with anti-DNP or anti-TNP-IgM, to form decam- 
eric conjugates with a valency of 10 for TNF-R binding 
sites. 

A recombinant chimeric antibody molecule may also 
be produced having TNF-R sequences substituted for 
the variable domains of either or both of the immuno- 
glubulin molecule heavy and light chains and having 
unmodified constant region domains. For example, chi- 
meric TNF-R/IgGi may be produced from two chime- 
ric genes — a TNF-R/human k light chain chimera 
(TNF-R/OO and a TNF-R/human yi heavy chain chi- 
mera (TNF-R/Cy- 1). Following transcription and 
translation of the two chimeric genes, the gene products 
assemble into a single chimeric antibody molecule hav- 
ing TNF-R displayed bivalently. Such polyvalent forms 
of TNF-R may have enhanced binding affinity for TNF 
ligand. Additional details relating to the construction of 
such chimeric antibody molecules are disclosed in WO 
89/09622 and EP 315062. 
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— • - Da . . ^ m „ tem are the progeny of a single ancestral transform ant. 

Express.on of Recombinant TNF-R Recombinant expression systems as defined herein will 

The present invention provides recombinant expres- express heterologous protein upon induction of the 

sion vectors to amplify or express DNA encoding TNF- regulatory elements linked to the DNA sequence or 

R. Recombinant expression vectors are replicable DNA 5 synthetic gene to be expressed. 

constructs which have synthetic or cDNA-derived Transformed host cells are cells which have been 
DNA fragments encoding mammalian TNF-R or bio- transformed or transfected with TNF-R vectors con- 
equivalent analogs operably linked to suitable transcrip- structed using recombinant DNA techniques. Trans- 
tional or translational regulatory elements derived from formed host cells ordinarily express TNF-R, but host 
mammalian, microbial, viral or insect genes. A tran- 10 cells transformed for purposes of cloning or amplifying 
scriptional unit generally comprises an assembly of (1) a TNF-R DNA do not need to express TNF-R. Ex- 
genetic element or elements having a regulatory role in pressed TNF-R will be deposited in the cell membrane 
gene expression, for example, transcriptional promoters or secreted into the culture supernatant, depending on 
or enhancers, (2) a structural or coding sequence which the TNF-R DNA selected. Suitable host cells for ex- 
is transcribed into mRNA and translated into protein, IS pression of mammalian TNF-R include prokaryotes, 
and (3) appropriate transcription and translation initia- yeast or higher eukaryotic cells under the control of 
tion and termination sequences, as described in detail appropriate promoters. Prokaryotes include gram nega- 
below. Such regulatory elements may include an opera- tive or gram positive organisms, for example R coli or 
tor sequence to control transcription, a sequence encod- bacilli. Higher eukaryotic cells include established cell 
ing suitable mRNA ribosomal binding sites. The ability 20 lines of mammalian origin as described below. Cell-free 
to replicate in a host, usually conferred by an origin of translation systems could also be employed to produce 
replication, and a selection gene to facilitate recognition mammalian TNF-R using RNAs derived from the 
of transformants may additionally be incorporated. DNA constructs of the present invention. Appropriate 
DNA regions are operably linked when they are func- cloning and expression vectors for use with bacterial, 
tion ally related to each other. For example, DNA for a 25 fungal, yeast, and mammalian cellular hosts are de- 
signal peptide (secretory leader) is operably linked to scribed by Pouwels et al. (Cloning Vectors: A Laboratory 
DNA for a polypeptide if it is expressed as a precursor Manual Elsevier, N.Y., 1985), the relevant disclosure 
which participates in the secretion of the polypeptide; a of which is hereby incorporated by reference, 
promoter is operably linked to a coding sequence if it Prokaryotic expression hosts may be used for expres- 
controls the transcription of the sequence; or a ribosome 30 sion of TNF-R that do not require extensive proteolytic 
binding site is operably linked to a coding sequence if it and disulfide processing. Prokaryotic expression vec- 
is positioned so as to permit translation. Generally, tors generally comprise one or more phenotypic select- 
op erably linked means contiguous and, in the case of able markers, for example a gene encoding proteins 
secretory leaders, contiguous and in reading frame. conferring antibiotic resistance or supplying an autotro- 
Structural elements intended for use in yeast expression 35 phic requirement, and an origin of replication recog- 
systems preferably include a leader sequence enabling nized by the host to ensure amplification within the 
extracellular secretion of translated protein by a host host. Suitable prokaryotic hosts for transformation in- 
cell. Alternatively, where recombinant protein is ex- elude R colu Bacillus subtilis, Salmonella typhimurium, 
pressed without a leader or transport sequence, it may and various species within the genera Pseudomonas, 
include an N-tenninal methionine residue. This residue 40 Streptomyces, and Staphylococcus, although others 
may optionally be subsequently cleaved from the ex- may also be employed as a matter of choice, 
pressed recombinant protein to provide a final product Useful expression vectors for bacterial use can com- 

DNA sequences encoding mammalian TNF recep- prise a selectable marker and bacterial origin of replica- 
tors which are to be expressed in a microorganism will tion derived from commercially available plasmids 
preferably contain no introns that could prematurely 45 comprising genetic elements of the well known cloning 
terminate transcription of DNA into mRNA; however, vector pBR322 (ATCC 37017). Such commercial vec- 
premature termination of transcription may be desir- tors include, for example, pKK223-3 (Pharmacia Fine 
able, for example, where it would result in mutants Chemicals, Uppsala, Sweden) and pGEMl (Promega 
having advantageous C-terminal truncations, for exam- Biotec, Madison, Wis., USA). These pBR322 "back- 
pie, deletion of a transmembrane region to yield a solu- 50 bone" sections are combined with an appropriate pro- 
ble receptor not bound to the cell membrane. Due to moter and the structural sequence to be expressed. R 
code degeneracy, there can be considerable variation in coli is typically transformed using derivatives of 
nucleotide sequences encoding the same amino acid pBR322, a plasmid derived from an R coli species (Boli- 
sequence. Other embodiments include sequences capa- var et al., Gene 2:95, 1977). pBR322 contains genes for 
ble of hybridizing to the sequences of the provided 55 ampicillin and tetracycline resistance and thus provides 
cDNA under moderately stringent conditions (50° C, simple means for identifying transformed cells. 
2X SSC) and other sequences hybridizing or degener- Promoters commonly used in recombinant microbial 
ate to those which encode biologically active TNF expression vectors include the /^-lactamase (penicilli- 
receptor polypeptides. nase) and lactose promoter system (Chang et al., Nature 

Recombinant TNF-R DNA is expressed or amplified 60 275:615, 1978; and Goeddel et al., Nature 281:544, 

in a recombinant expression system comprising a sub- 1979), the tryptophan (up) promoter system (Goeddel et 

stantially homogeneous monoculture of suitable host al, NucL Acids Res. 8:4057, 1980; and EPA 36,776) and 

microorganisms, for example, bacteria such as R coli or tac promoter (Maniatis, Molecular Cloning: A Labora- 

yeast such as S. cerevisiae, which have stably integrated tory Manual, Cold Spring Harbor Laboratory, p. 412, 

(by transformation or transfection) a recombinant tran- 65 1982). A particularly useful bacterial expression system 

scriptional unit into chromosomal DNA or carry the employs the phage XPx promoter and cI857ts thermola- 

recombinant transcriptional unit as a component of a bile repressor. Plasmid vectors available from the 

resident plasmid. Generally, cells constituting the sys- American Type Culture CoDection which incorporate 
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derivatives of the X promoter include plasmid 
pHUB2, resident in K coli strain JMB9 (ATCC 37092) 
and pFLc28, resident in R coli RR1 (ATCC 53082). 

Recombinant TNF-R proteins may also be expressed 
in yeast hosts, preferably from the Saccharomyces spe- 
cies, such as & cerevisiae. Yeast of other genera, such as 
Pichia or Kluyveromyces may also be employed. Yeast 
vectors will generally contain an origin of replication 
from the 2\i yeast plasmid or an autonomously replicat- 
ing sequence (ARS), promoter, DNA encoding TNF- 
R, sequences for polyadenylation and transcription ter- 
mination and a selection gene. Preferably, yeast vectors 
will include an origin of replication and selectable 
marker permitting transformation of both yeast and & 
coli, e.g., the ampicillin resistance gene of K coli and S. 
cerevisiae TRP1 or URA3 gene, which provides a selec- 
tion marker for a mutant strain of yeast lacking the 
ability to grow in tryptophan, and a promoter derived 
from a highly expressed yeast gene to induce transcrip- 
tion of a structural sequence downstream. The presence 
of the TRP1 or URA3 lesion in the yeast host cell ge- 
nome then provides an effective environment for de- 
tecting transformation by growth in the absence of 
tryptophan or uracil. 

Suitable promoter sequences in yeast vectors include 25 
the promoters for metallothionein, 3-phosphoglycerate 
kinase (Hitzeman et aL, J. BioL Chem. 255:2073, 1980) 
or other glycolytic enzymes (Hess et aL, /. Adv. Enzyme 
Reg, 7:149, 1968; and Holland et aL, Biochem. 17:4900, 
1978), such as enolase, glyceraldehyde-3-phosphate 30 
dehydrogenase, hexokinase, pyruvate decarboxylase, 
phosphofructokinase, glucose-6-phosphate isomerase, 
3-phosphoglycerate mutase, pyruvate kinase, triose- 
phosphate isomerase, phosphoglucose isomerase, and 
glucokinase. Suitable vectors and promoters for use in 
yeast expression are further described in R. Hitzeman et 
aL, EPA 73,657. 

Preferred yeast vectors can be assembled using DNA 
sequences from pUC18 for selection and replication in 
EL coli (Amp r gene and origin of replication) and yeast 40 
DNA sequences including a glucose-repressible ADH2 
promoter and a-factor secretion leader. The ADH2 
promoter has been described by Russell et al. (/. BioL 
Chem. 258:2674, 1982) and Beier et al. (Nature 300:724, 
1982). The yeast a-factor leader, which directs secre- 
tion of heterologous proteins, can be inserted between 
the promoter and the structural gene to be expressed. 
See, e.g., Kurjan et al., Cell 30:933, 1982; and Bitter et 
al., Proa Natl Acad. Set USA 81:5330, 1984. The leader 
sequence may be modified to contain, near its 3' end, 
one or more useful restriction sites to facilitate fusion of 
the leader sequence to foreign genes. 

Suitable yeast transformation protocols are known to 
those of skill in the art; an exemplary technique is de- 
scribed by Hinnen et al., Proa Natl Acad Sci USA 
75:1929, 1978, selecting for Trp+ transformants in a 
selective medium consisting of 0.67% yeast nitrogen 
base, 0.5% casamino acids, 2% glucose, 10 fig/ml ade- 
nine and 20 /xg/ml uracil or URA+ tranformants in 
medium consisting of 0.67% YNB, with amino acids 
and bases as described by Sherman et al., Laboratory 
Course Manual for Methods in Yeast Genetics, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 
1986. 

Host strains transformed by vectors comprising the 
ADH2 promoter may be grown for expression in a rich 
medium consisting of 1% yeast extract, 2% peptone, 
and 1% or 4% glucose supplemented with 80 u.g/ml 
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adenine and 80 pug/ml uracil. Derepression of the 
ADH2 promoter occurs upon exhaustion of medium 
glucose. Crude yeast supernatants are harvested by 
filtration and held at 4° C. prior to further purification. 

Various mammalian or insect cell culture systems are 
also advantageously employed to express recombinant 
protein. Expression of recombinant proteins in mamma- 
lian cells is particularly preferred because such proteins 
are generally correctly folded, appropriately modified 
and completely functional. Examples of suitable mam- 
malian host cell lines include the COS-7 lines of monkey 
kidney cells, described by Gluzman (Cell 23:175, 1981), 
and other cell lines capable of expressing an appropriate 
vector including, for example, L cells, C127, 3T3, Chin- 
ese hamster ovary (CHO), HeLa and BHK cell lines. 
Mammalian expression vectors may comprise nontran- 
scribed elements such as an origin of replication, a suit- 
able promoter and enhancer linked to the gene to be 
expressed, and other 5' or 3' flanking nontranscribed 
sequences, and 5' or 3' nontranslated sequences, such as 
necessary ribosome binding sites, a polyadenylation site, 
splice donor and acceptor sites, and transcriptional ter- 
mination sequences. Baculovirus systems for produc- 
tion of heterologous proteins in insect cells are re- 
viewed by Luckow and Summers, Bio/Technology 6:47 
(1988). 

The transcriptional and translational control sequen- 
ces in expression vectors to be used in transforming 
vertebrate cells may be provided by viral sources. For 
example, commonly used promoters and enhancers are 
derived from Polyoma, Adenovirus 2, Simian Virus 40 
(SV40), and human cytomegalovirus. DNA sequences 
derived from the SV40 viral genome, for example, 
SV40 origin, early and late promoter, enhancer, splice, 
and polyadenylation sites may be used to provide the 
other genetic elements required for expression of a het- 
erologous DNA sequence. The early and late promot- 
ers are particularly useful because both are obtained 
easily from the virus as a fragment which also contains 
the SV40 viral origin of replication (Fiers et al., Nature 
273:113, 1978). Smaller or larger SV40 fragments may 
also be used, provided the approximately 250 bp se- 
quence extending from the Hind 3 site toward the Bgll 
site located in the vital origin of replication is included. 
Further, mammalian genomic TNF-R promoter, con- 
trol and/or signal sequences may be utilized, provided 
such control sequences are compatible with the host 
cell chosen. Additional details regarding the use of a 
mammalian high expression vector to produce a recom- 
binant mammalian TNF receptor are provided in Exam- 
ples 2 and 7 below. Exemplary vectors can be con- 
structed as disclosed by Okayama and Berg (MoL Cell 
BioL 3:280, 1983). 

A useful system for stable high level expression of 
mamm al i a n receptor cDNAs in C127 murine mammary 
epithelial cells can be constructed substantially as de- 
scribed by Cosman et at. {MoL Immunol 23:935, 1986). 

In preferred aspects of the present invention, recom- 
binant expression vectors comprising TNF-R cDNAs 
are stably integrated into a host cell's DNA. Elevated 
levels of expression product is achieved by selecting for 
cell lines having amplified numbers of vector DNA. 
Cell lines having amplified numbers of vector DNA are 
selected, for example, by trarofonning a host cell with a 
vector comprising a DNA sequence which encodes an 
enzyme which is inhibited by a known drug. The vector 
may also comprise a DNA sequence which encodes a 
desired protein. Alternatively, the host cell may be 
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co-transformed with a second vector which comprises 
the DNA sequence which encodes the desired protein. 
The transformed or co-transformed host cells are then 
cultured in increasing concentrations of the known 
drug, thereby selecting for drug-resistant cells. Such 5 
drug-resistant cells survive in increased concentrations 
of the toxic drug by over-production of the enzyme 
which is inhibited by the drug, frequently as a result of 
amplification of the gene encoding the enzyme. Where 
drug resistance is caused by an increase in the copy 10 
number of the vector DNA encoding the inhibitable 
enzyme, there is a concomitant co-amplification of the 
vector DNA encoding the desired protein (TNF-R) in 
the host cell's DNA. 

A preferred system for such co-amplification uses the 15 
gene for dihydrofolate reductase (DHFR), which can 
be inhibited by the drug methotrexate (MTX). To 
achieve co-amplification, a host cell which lacks an 
active gene encoding DHFR is either transformed with 
a vector which comprises DNA sequence encoding 20 
DHFR and a desired protein, or is co-transformed with 
a vector comprising a DNA sequence encoding DHFR 
and a vector comprising a DNA sequence encoding the 
desired protein. The transformed or co-transformed 
host cells are cultured in media containing increasing 25 
levels of MTX, and those cells lines which survive are 
selected. 

A particularly preferred co-amplification system uses 
the gene for glutamine synthetase (GS), which is re- 
sponsible for the synthesis of glutamate and ammonia 30 
using the hydrolysis of ATP to ADP and phosphate to 
drive the reaction. GS is subject to inhibition by a vari- 
ety of inhibitors, for example methionine sulphoximine 
(MSX). Thus, TNF-R can be expressed in high concen- 
trations by co-amplifying cells transformed with a vec- 35 
tor comprising the DNA sequence for GS and a desired 
protein, or co-transformed with a vector comprising a 
DNA sequence encoding GS and a vector comprising a 
DNA sequence encoding the desired protein, culturing 
the host cells in media containing increasing levels of 40 
MSX and selecting for surviving cells. The GS co- 
amplification system, appropriate recombinant expres- 
sion vectors and cells lines, are described in the follow- 
ing PCT applications: WO 87/04462, WO 89/01036, 
WO 89/10404 and WO 86/05807. 45 

Recombinant proteins are preferably expressed by 
co-amplification of DHFR or GS in a mammalian host 
cell, such as Chinese Hamster Ovary (CHO) cells, or 
alternatively in a murine myeloma cell line, such as 
SP2/0-Agl4 or NS0 or a rat myeloma cell line, such as 50 
YB2/3.0-Ag20, disclosed in PCT applications 
WO/89/10404 and WO 86/05807. 

A preferred eukaryotic vector for expression of 
TNF-R DNA is disclosed below in Example 2. This 
vector, referred to as pCAV/NOT, was derived from 55 
the mammalian high expression vector pDC201 and 
contains regulatory sequences from SV40, adenovirus- 
2, and human cytomegalovirus. 

Purification of Recombinant TNF-R ^ 

Purified mammalian TNF receptors or analogs are 
prepared by culturing suitable host/vector systems to 
express the recombinant translation products of the 
DNAs of the present invention, which are then purified 
from culture media or cell extracts. 65 

For example, supernatants from systems which se- 
crete recombinant protein into culture media can be 
first concentrated using a commercially available pro- 
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tein concentration filter, for example, an Amicon or 
Millipore Pellicon ultrafiltration unit. Following the 
concentration step, the concentrate can be applied to a 
suitable purification matrix. For example, a suitable 
affinity matrix can comprise a TNF or lectin or anti- 
body molecule bound to a suitable support. Alterna- 
tively, an anion exchange resin can be employed, for 
example, a matrix or substrate having pendant diethyl- 
aminoethyl (DEAE) groups. The matrices can be acryl- 
amide, agarose, dextran, cellulose or other types com- 
monly employed in protein purification. Alternatively, 
a cation exchange step can be employed. Suitable cation 
exchangers include various insoluble matrices compris- 
ing sulfopropyl or carboxymethyl groups. Sulfopropyl 
groups are preferred. 

Finally, one or more reversed-phase high perfor- 
mance liquid chromatography (RP-HPLC) steps em- 
ploying hydrophobic RP-HPLC media, e.g., silica gel 
having pendant methyl or other aliphatic groups, can be 
employed to further purify a TNF-R composition. 
Some or all of the foregoing purification steps, in vari- 
ous combinations, can also be employed to provide a 
homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is 
usually isolated by initial extraction from cell pellets, 
followed by one or more concentration, salting-out, 
aqueous ion exchange or size exclusion chromatogra- 
phy steps. Finally, high performance liquid chromatog- 
raphy (HPLC) can be employed for final purification 
steps. Microbial cells employed in expression of recom- 
binant mammalian TNF-R can be disrupted by any 
convenient method, including freeze-thaw cycling, son- 
ication, mechanical disruption, or use of cell lysing 
agents. 

Fermentation of yeast which express mammalian 
TNF-R as a secreted protein greatly simplifies purifica- 
tion. Secreted recombinant protein resulting from a 
large-scale fermentation can be purified by methods 
analogous to those disclosed by Urdal et al. (/. Chroma- 
tog. 296:171, 1984). This reference describes two se- 
quential, reversed-phase HPLC steps for purification of 
recombinant human GM-CSF on a preparative HPLC 
column. 

Human TNF-R synthesized in recombinant culture is 
characterized by the presence of non-human cell com- 
ponents, including proteins, in amounts and of a charac- 
ter which depend upon the purification steps taken to 
recover human TNF-R from the culture. These compo- 
nents ordinarily will be of yeast, prokaryotic or non- 
human higher eukaryotic origin and preferably are pres- 
ent in innocuous contaminant quantities, on the order of 
less than about 1 percent by weight. Further, recombi- 
nant cell culture enables the production of TNF-R free 
of proteins which may be normally associated with 
TNF-R as it is found in nature in its species of origin, 
e.g. in cells, cell exudates or body fluids. 

Therapeutic Administration of Recombinant Soluble 
TNF-R 

The present invention provides methods of using 
therapeutic compositions comprising an effective 
amount of soluble TNF-R proteins and a suitable dilu- 
ent and carder, and methods for suppressing TNF- 
dependent inflammatory responses in humans compris- 
ing administering an effective amount of soluble TNF-R 
protein. 

For therapeutic use, purified soluble TNF-R protein 
is a d ministered to a patient, preferably a human, for 



B-234 



treatment in a manner appropriate to the indication. 
Thus, for example, soluble TNF-R protein composi- 
tions can be administered by bolus injection, continuous 
infusion, sustained release from implants, or other suit- 
able technique. Typically, a soluble TNF-R therapeutic 5 
agent will be administered in the form of a composition 
comprising purified protein in conjunction with physio- 
logically acceptable carders, excipients or diluents. 
Such carriers will be nontoxic to recipients at the dos- 
ages and concentrations employed. Ordinarily, the 10 
preparation of such compositions entails combining the 
TNF-R with buffers, antioxidants such as ascorbic acid, 
low molecular weight (less than about 10 residues) 
polypeptides, proteins, amino acids, carbohydrates in- 
cluding glucose, sucrose or dextrins, chelating agents 15 
such as EDTA, glutathione and other stabilizers and 
excipients. Neutral buffered saline or saline mixed with 
conspecific serum albumin are exemplary appropriate 
diluents. Preferably, product is formulated as a lyophili- 
zate using appropriate excipient solutions (e.g., sucrose) 2 q 
as diluents. Appropriate dosages can be determined in 
trials. The amount and frequency of administration will 
depend, of course, on such factors as the nature and 
severity of the indication being treated, the desired 
response, the condition of the patient, and so forth. 2 s 

The following examples are offered by way of illus- 
tration, and not by way of limitation. 

EXAMPLES 

Example 1 3Q 
Binding Assays 

A. Radiolabeling of TNFa and TNF/3. 
Recombinant human TNFa, in the form of a fusion 

protein containing a hydrophilic octapeptide at the 
N-terminus, was expressed in yeast as a secreted protein 35 
and purified by affinity chromatography (Hopp et al., 
Bio/Technology 6:1204, 1988). Purified recombinant 
human TNF/3 was purchased from R&D Systems 
(Minneapolis, Minn.). Both proteins were radiolabeled 
using the commercially available solid phase agent, 40 
IODO-GEN (Pierce). In this procedure, 5 fig of IODO- 
GEN were plated at the bottom of a 10x75 mm glass 
tube and incubated for 20 minutes at 4° C. with 75 ul of 
0.1M sodium phosphate, pH 7.4 and 20 ul (2 mCi) Na 
125 I. This solution was then transferred to a second glass 45 
tube containing 5 fig TNFa (or TNF/8) in 45 ul PBS for 
20 minutes at 4° C. The reaction mixture was fraction- 
ated by gel filtration on a 2 ml bed volume of Sephadex 
G-25 (Sigma) equilibrated in Roswell Park Memorial 
Institute (RPMI) 1640 medium containing 2.5% (w/v) 50 
bovine serum albumin (BSA), 0.2% (w/v) sodium azide 
and 20 mM Hepes pH 7.4 (binding medium). The final 
pool of 125 I-TNF was diluted to a working stock solu- 
tion of 1 X 10 ~ 7 M in binding medium and stored for up 
to one month at 4° C. without detectable loss of recep- 55 
tor binding activity. The specific activity is routinely 
1 x 10 6 cpm/mmole TNF. 

B. Binding to Intact Cells. 

Binding assays with intact cells were performed by 
two methods. In the first method, cells were first grown 60 
either in suspension (e.g., U 937) or by adherence on 
tissue culture plates (e.g., WI26-VA4, COS cells ex- 
pressing the recombinant TNF receptor). Adherent 
cells were subsequently removed by treatment with 5 
mM EDTA treatment for ten minutes at 37 degrees 65 
centigrade. Binding assays were then performed by a 
pthalate oil separation method (Dower et al., /. 
Immunol 132:751, 1984) essentially as described by 
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Park et al. (/. Biol Chem. 261:4177, 1986). Non-specific 
binding of 125 I-TNF was measured in the presence of a 
200-fold or greater molar excess of unlabeled TNF. 
Sodium azide (0.2%) was included in a binding assay to 
inhibit internalization of 125 I-TNF by cells. In the sec- 
ond method, COS cells transfected with the TNF-R- 
containing plasmid, and expressing TNF receptors on 
the surface, were tested for the ability to bind 125 I-TNF 
by the plate binding assay described by Sims et al. (Sci- 
ence 241:585, 1988). 

C. Solid Phase Binding Assays. 

The ability of TNF-R to be stably adsorbed to nitro- 
cellulose from detergent extracts of human cells yet 
retain TNF-binding activity provided a means of de- 
tecting TNF-R. Cell extracts were prepared by mixing 
a cell pellet with a 2x volume of PBS containing 1% 
Triton X-100 and a cocktail of protease inhibitors (2 
mM phenylmethyl sulfonyl fluoride, 10 /iM pepstatin, 
10 jiM leupeptin, 2 mM o-phenanthroline and 2 mM 
EGTA) by vigorous vortexing. The mixture was incu- 
bated on ice for 30 minutes after which it was centri- 
fuged at 12,000 X g for 15 minutes at 8° C. to remove 
nuclei and other debris. Two microliter aliquots of cell 
extracts were placed on dry BA85/21 nitrocellulose 
membranes (Schleicher and Schuell, Keene, N.H.) and 
allowed to dry. The membranes were incubated in tis- 
sue culture dishes for 30 minutes in Tris (0.05M) buff- 
ered saline (0.15M) pH 7.5 containing 3% w/v BSA to 
block nonspecific binding sites. The membrane was 
then covered with 5Xl0- n M 125 I-TNF in PBS+3% 
BSA and incubated for 2 hr at 4° C with shaking. At the 
end of this time, the membranes were washed 3 times in 
PBS, dried and placed on Kodak X-Omat AR film for 
18 hr at -70° C. 

Example 2 

Isolation of Human TNF-R cDNA by Direct 
Expression of Active Protein in COS-7 Cells 

Various human cell lines were screened for expres- 
sion of TNF-R based on their ability to bind 125 I-labeled 
TNF. The human fibroblast cell line WI-26 VA4 was 
found to express a reasonable number of receptor per 
cell. Equilibrium binding studies showed that the cell 
line exhibited biphasic binding of 125 I-TNF with ap- 
proximately 4,000 high affinity sites (K*= 1 X 10 10 M~ l ) 
and 15,00 low affinity sites (K*= 1 X 108M- 1 ) per cell. 

An unsized cDNA library was constructed by re- 
verse transcription of polyadenylated mRNA isolated 
from total RNA extracted from human fibroblast WI-26 
V A4 cells grown in the presence of pokeweed mitogen 
using standard techniques (Gubler, et at, Gene 25:263, 
1983; Ausubel et at., eds., Current Protocols in Molecular 
Biology, Vol. 1, 1987). The cells were harvested by 
lysing the cells in a guanidine hydrochloride solution 
and total RNA isolated as previously described (March 
et al., Nature 315:641, 1985). 

Poly A+RNA was isolated by oligo dT cellulose 
chromatography and double-stranded cDNA was pre- 
pared by a method similar to that of Gubler and Hoff- 
man (Gene 25:263, 1983). Briefly, the poly A+RNA was 
converted to an RNA-cDNA hybrid by reverse tran- 
scriptase using oligo dT as a primer. The RNA-cDNA 
hybrid was then converted into double-stranded cDNA 
using RNAase H in combination with DNA polymerase 
I. The resulting double stranded cDNA was blunt- 
ended with T4 DNA polymerase. To the blunt-ended 



cDNA is added EcoRI linker-adapters (having internal 
Notl sites) which were phosphorylated on only one end 
(Invitrogen). The linker-adaptered cDNA was treated 
with T4 polynucleotide kinase to phosphorylate the 5' 
overhanging region of the linker-adapter and unligated S 
linkers were removed by running the cDNA over a 
Sepharose CL4B column. The linker-adaptered cDNA 
was ligated to an equimolar concentration of EcoRI cut 
and dephosphorylated arms of bacteriophage XgtlO 
(Huynh et at, DNA Cloning: A Practical Approach, 10 
Glover, ed., IRL Press, pp. 49-78). The ligated DNA 
was packaged into phage particles using a commercially 
available kit to generate a library of recombinants 
(Stratagene Cloning Systems, San Diego, Calif., USA). 
Recombinants were further amplified by plating phage 15 
on a bacterial lawn of K coli strain c600(hfl-). 

Phage DNA was purified from the resulting XgtlO 
cDNA library and the cDNA inserts excised by diges- 
tion with the restriction enzyme Notl. Following elec- 
trophoresis of the digest through an agarose gel, 20 
cDNAs greater than 2,000 bp were isolated. 

The resulting cDNAs were ligated into the eukary- 
otic expression vector pCAV/NOT, which was de- 
signed to express cDNA sequences inserted at its multi- 
ple cloning site when transfected into mammalian cells. 25 
pCAV/NOT was assembled from pDC201 (a deriva- 
tive of pMLSV, previously described by Cosman et al., 
Nature 312: 768, 1984), SV40 and cytomegalovirus 
DNA and comprises, in sequence with the direction of 
transcription from the origin of replication: (1) SV40 30 
sequences from coordinates 5171-270 including the ori- 
gin of replication, enhancer sequences and early and 
late promoters; (2) cytomegalovirus sequences includ- 
ing the promoter and enhancer regions (nucleotides 671 
to +63 from the sequence published by Boechart et al. 35 
{Cell 41:521, 1985); (3) adenovirus-2 sequences contain- 
ing the first exon and part of the intron between the first 
and second exon s of the tripartite leader, the second 
exon and part of the third exon of the tripartite leader 
and a multiple cloning site (MCS) containing sites for 40 
Xhol, Kpnl, Smal, Notl and Bgjl; (4) SV40 sequences 
from coordinates 4127-4100 and 2770-2533 that include 
the polyadenylation and termination signals for early 
transcription; (5) sequences derived from pBR322 and 
virus-associated sequences VAI and VAII of pDC201, 45 
with adenovirus sequences 10532-11156 containing the 
VAI and VAII genes, followed by pBR322 sequences 
from 4363-2486 and 1094-375 containing the ampicillin 
resistance gene and origin of replication. 

The resulting WI-26 VA4 cDNA library in pCAVA 50 
NOT was used to transform K coli strain DH5a, and 
recombinants were plated to provide approximately 800 
colonies per plate and sufficient plates to provide ap- 
proximately 50,000 total colonies per screen. Colonies 
were scraped from each plate, pooled, and plasmid 55 
DNA prepared from each pool. The pooled DNA was 
then used to transfect a sub-confluent layer of monkey 
COS-7 cells using DEAE-dextran followed by chloro- 
quine treatment, as described by Luthman et al. {NucL 
Acids Res. 1 1 : 1295, 1983) and McCutchan et al. (J. Natl 60 
Cancer Inst 41:351, 1986). The cells were then grown in 
culture for three days to permit transient expression of 
the inserted sequences. After three days, cell culture 
supernatants were discarded and the cell monolayers in 
each plate assayed for TNF binding as follows. Three 65 
ml of binding medium containing 1.2X10— n M l25 I- 
labeled FLAG ®~TNF was added to each plate and the 
plates incubated at 4° C. for 120 minutes. This medium 
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was then discarded, and each plate was washed once 
with cold binding medium (containing no labeled TNF) 
and twice with cold PBS. The edges of each plate were 
then broken off, leaving a flat disk which was contacted 
with X-ray film for 72 hours at —70° C. using an intensi- 
fying screen. TNF binding activity was visualized on 
the exposed films as a dark focus against a relatively 
uniform background. 

After approximately 240,000 recombinants from the 
library had been screened in this manner, one transfect- 
ant pool was observed to provide TNF binding foci 
which were clearly apparent against the background 
exposure. 

A frozen stock of bacteria from the positive pool was 
then used to obtain plates of approximately 150 colo- 
nies. Replicas of these plates were made on nitrocellu- 
lose filters, and the plates were then scraped and plas- 
mid DNA prepared and transfected as described above 
to identify a positive plate. Bacteria from individual 
colonies from the nitrocellulose replica of this plate 
were grown in 0.2 ml cultures, which were used to 
obtain plasmid DNA, which was transfected into 
COS-7 cells as described above. In this manner, a single 
clone, clone 1, was isolated which was capable of induc- 
ing expression of human TNF-R in COS cells. The 
expression vector pCAV/NOT containing the TNF-R 
cDNA clone 1 has been deposited with the American 
Type Culture Collection, 12301 Parklawn Drive, Rock- 
ville, Md. 20852, USA (Accession No. 68088) under the 
name pCAV/NOT-TNF-R. 

Example 3 

Construction of cDNAs Encoding Soluble 
huTNF-RA235 

A cDNA encoding a soluble huTNF-RA235 (having 
the sequence of amino acids —22-235 of FIG. 2A) was 
constructed by excising an 840 bp fragment from 
pC A V/N OT-TNF-R with the restriction enzymes 
Notl and Pvu2. Notl cuts at the multiple cloning site of 
pCAV/NOT-TNF-R and Pvu2 cuts within the TNF-R 
coding region 20 nucleotides 5' of the transmembrane 
region. In order to reconstruct the 3' end of the TNF-R 
sequences, two oligonucleotides were synthesized and 
annealed to create the following oligonucleotide linker: 



Pvu2 BamHl Bgl2 

CTGAAGGGAGCACTGGCGACX^GGATCCA 
GACTTCCCTCGTGACCGCTGATTCCTAGGTCTAG 
AlaGluGlySerHuGlyAspEod 

This oligonucleotide linker has terminal Pvu2 and Bgl2 
restriction sites, regenerates 20 nucleotides of the TNF- 
R, followed by a termination codon (underlined) and a 
BamHl restriction site (for convenience in isolating the 
entire soluble TNF-R by Notl/BamHl digestion). This 
oligonucleotide was then ligated with the 840 bp Notl/- 
Pvu2 TNF-R insert into Bgl2/Notl cut pCAV/NOT to 
yield psolhuTNF-RA235/CAVNOT, which was trans- 
fected into COS-7 cells as described above. This expres- 
sion vector induced expression and secretion by the 
host cell of soluble human TNF-R (having the sequence 
of amino acids 1-235 of FIG. 2A) which was capable of 
binding TNF. 
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Example 4 

Construction of cDNAs Encoding Soluble 
huTNF-RA185 

A cDNA for expressing a soluble huTNF-RA185 
(having the sequence of amino acids 1-185 of FIG. 2A) 
was constructed by excising a 640 bp fragment from 
pCAV/NOT-TNF-R with the restriction enzymes 
Notl and Bgl2. Notl cuts at the multiple cloning site of 
pCAV/NOTNF-R and Bgl2 cuts within the TNF-R 
coding region at nucleotide 637, which is 237 nucleo- 
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Example 6 

Construction of cDNAs Encoding Soluble 
huTNF-RA142 

A cDNA for expressing a soluble huTNF-RA142 
(having the sequence of amino acids 1-142 of FIG. 2A) 
was constructed by excising a 550 bp fragment from 
from pCAV/NOT-TNF-R with the restriction en- 
zymes Notl and Al wNl. Al wNl cuts within the 
TNF-R coding region at nucleotide 549. The following 
oligonucleotide linker was synthesized: 



Bgl2 Notl 
5'-CT G AAACA TCAGACGTGGTGTGCAAGCCCTGT TAAA -3' 
CTTG AC I"l " 1 GTAGTCTGGACCACACGTTCGGG ACAATTTCTAG A 

End 



tides 5' of the transmembrane region. The following 
oligonucleotide linkers were synthesized: 



This above oligonucleotide linker reconstructs the 3' 
end of the receptor molecule up to nucleotide 579 



Bgl2 

5 '<} ATCTGT AACGTGOTGGCCATCCCTGGG AATGC AAGC ATGG ATGC-3 ' 
ACATTGCACCACCGGTAGGGACCCTTACGTTCG 
DeCysAsnValValAlallePFoGlyAsnAlaSerMetAspAia 

Notl 

5'- AGTCTGCACGTCCACGTCCCCCACCCGG TGAG C -3' 

TACCTACGTCAG ACGTGC AGGTGC AGGGGGTGGGCCACTCGCCG G 
ValCysThrSerThrSerProThrArgEnd 



The above oligonucleotide linkers reconstruct the 3' 
end of the receptor molecule up to nucleotide 708, fol- 
lowed by a termination codon (underlined). These oli- 
gonucleotides were then ligated with the 640 bp Notl 
TNF-R insert into Notl cut pCAV/NOT to yield the 35 
expression vector psolTNFRA185/CAVNOT, which 
was transfected into COS-7 cells as described above. 
This expression vector induced expression of soluble 
human TNF-R (having the sequence of amino acids 
1-163 of FIG. 2A) which was capable of binding TNF. 40 

Example 5 

Construction of cDNAs Encoding Soluble 
huTNF-RA163 

A cDNA for expressing a soluble huTNF-RA163 45 
(having the sequence of amino acids 1-163 of FIG. 2A) 
was constructed by excising a 640 bp fragment from 
from pCAV/NOT-TNF-R with the restriction en- 
zymes Notl and Bgl2 as described in Example 4. The 
following oligonucleotide linkers were synthesized: 



50 



Bgl2 Notl 
5'-GATCTGT TGAG C -3' 
ACAACTCGCCGG 
HeCysEnd 



55 



This above oligonucleotide linker reconstructs the 3' 
end of the receptor molecule up to nucleotide 642 
(amino acid 163), followed by a termination codon (un- 
derlined). This oligonucleotide was then ligated with 60 
the 640 bp Notl TNF-R insert into Notl cut pCAV/- 
NOT to yield the expression vector psolTNFRA163- 
/CAVNOT, which was transfected into COS-7 cells as 
described above. This expression vector induced ex- 
pression of soluble human TNF-R (having the sequence 65 
of amino acids 1-163 of FIG. 2A) which was capable of 
binding TNF in the binding assay described in Example 
1. 



(amino acid 142), followed by a termination codon (un- 
derlined). This oligonucleotide was then ligated with 
the 550 bp Notl/Al wNl TNF-R insert into Notl/Bgl2 
cut pCAV/NOT to yield the expression vector 
psolTNFRA142/CAVNOT, which was transfected 
into COS-7 cells as described above. This expression 
vector did not induced expression of soluble human 
TNF-R which was capable of binding TNF. It is be- 
lieved that this particular construct failed to express 
biologically active TNF-R because one or more essen- 
tial cysteine residue (e.g., Cys 157 or Cys 163 ) required for 
intramolecular bonding (for formation of the proper 
tertiary structure of the TNF-R molecule) was elimi- 
nated. 

Example 7 

Expression of Soluble TNF Receptors in CHO Cells 

Soluble TNF receptor was expressed in Chinese 
Hamster Ovary (CHO) cells using the glutamine-syn- 
thetase (GS) gene amplification system, substantially as 
described in PCT patent application Nos. WO87/04462 
and WO89/01036. Briefly, CHO cells are transfected 
with an expression vector containing genes for both 
TNF-R and GS. CHO cells are selected for GS gene 
expression based on the ability of the transfected DNA 
to confer resistance to low levels of methionine sul- 
phoximine (MSX). GS sequence amplification events in 
such cells are selected using elevated MSX concentra- 
tions. In this way, contiguous TNF-R sequences are 
also amplified and enhanced TNF-R expression is 
achieved. 

The vector used in the GS expression system was 
psolTNFR/P6/PSVLGS, which was constructed as 
follows. First, the vector pSVLGS.l (described in PCT 
Application Nos. WO87/04462 and WO89/01036, and 
available from Celltech, Ltd., Berkshire, UK) was cut 
with the BamHl restriction enzyme and dephos- 
phorylated with calf intestinal alkaline phosphatase 
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(CIAP) to prevent the vector from religating to itself. 
The BamHl cut pSVLGS.l fragment was then ligated 
to a 2.4 kb Barnill to Bgl2 fragment of pEE6hCMV 
(described in PCT Application No. WO89/01036, also 
available from Celltech) which was cut with Bgl2, 5 
BamHl and Fspl to avoid two fragments of similar size, 
to yield an 11.2 kb vector designated p6/PSVLGS.l. 
pSVLGS.l contains the gjutamine synthetase selectable 
marker gene under control of the SV40 later promoter. 
The BamHl to Bgl2 fragment of pEE6hCMV contains 10 
the human cytomegalovirus major immediate early 
promoter (hCMV), a polylinker, and the SV40 early 
polyadenylation signal. The coding sequences for solu- 
ble TNF-R were added to p6/PSVLGS.l by excising a 
Notl to BamHl fragment from the expression vector IS 
psolTNFR/CAVNOT (made according to Example 3 
above), blunt ending with Klenow and ligating with 
Smal cut dephosphorylated p6/PSVLGS.l, thereby 
placing the solTNF-R coding sequences under the con- 
trol of the hCMV promoter. This resulted in a single 20 
plasmid vector in which the SV40/GS and 
hCMB/solTNF-R transcription units are transcribed in 
opposite directions. This vector was designated 
psolTNFR/P6/PSVLGS. 

psolTNFR/P6/PSVLGS was used to transfect 25 
CHOK1 cells (available from ATCC, Rochville, Md., 
under accession number CCL 61 ) as follows. A mono- 
layer of CHO-K1 cells were grown to subconfluency in 
Minimum Essential Medium (MEM) 10X (Gibco: 330- 
158 1AJ) without glutamine and supplemented with 30 
10% dialysed fetal bovine serum (Gibco: 220-6300AJ), 
1 mM sodium pyruvate (Sigma), MEM non-essential 



psolTNFR/P6/PSVLGS and grown in various con- 
centrations of MSX. For each cell line, approximately 
1 X 10 6 cells are plated in gradually increasing concen- 
trations of 100 uM, 250 uM, 500 uM and 1 mM MSX 
and incubated for 10-14 days. After 12 days, colonies 
resistant to the higher levels of MSX appear. The sur- 
viving colonies are assayed for TNF-R activity using 
the binding assay described above in Example 1. Each 
of these highly resistant cell lines contains cells which 
arise from multiple independent amplification events. 
From these cells lines, one or more of the most highly 
resistant cells lines are isolated. The amplified cells with 
high production rates are then cloned by limiting dilu- 
tion cloning. Mass cell cultures of the transfectants 
secrete active soluble TNF-R. 

Example 8 

Expression of Soluble Human TNF-R in Yeast 

Soluble human TNF-R was expressed in yeast with 
the expression vector pIXY432, which was derived 
from the yeast expression vector pIXY120 and plasmid 
pYEP352. pIXY120 is identical to pYoHuGM (ATCC 
53157), except that it contains no cDNA insert and 
includes a polylinker/multiple cloning site with a Ncol 
restriction site. 

A DNA fragment encoding TNF receptor and suit- 
able for cloning into the yeast expression vector pDC- 
Y120 was first generated by polymerase chain reaction 
(PCR) amplification of the extracellular portion of the 
full length receptor from pCAV/NOT-TNF-R (ATCC 
68088). The following primers were used in this PCR 
amplification: 



5' End Primer 

S'-TTCCGGTACCrTTGGATAAAAGAGACTACAAGGAC 
Asp718 ^ ProLeuAspLysArgAspTyrLysAsp 

GACGATGACAAGTTGCCCGCCCAGGTGGCATTTACA-3' 
AspAspAspLys ^ TNF-R ^ 

3' End Primer (antisense) 

5'-CCCGGGATCCTjAGTCGCC AGTG CTCCCTTC AGCTGGG-3' 
BamHl > End< TNF-R > 



amino acids (Gibco: 320- 1140 AG), 500 jxM asparagine 
and glutamate (Sigma) and nucleosides (30 /xM adeno- 
sine, guanosine, cytidine and uridine and 10 /xM thymi- 45 
dine) (Sigma). 

Approximately 1 X 10 6 cells per 10 cm petri dish were 
transfected with 10 ug of psolTNFR/P6/PSVLGS by 
standard calcium phosphate precipitation, substantially 
as described by Graham & van der Eb, Virology 52:456 50 
(1983). Cells were subjected to glycerol shock (15% 
glycerol in serum-free culture medium for approxi- 
mately 1.5 minutes) approximately 4 hours after trans- 
fection, substantially as described by Frost & Williams, 
Virology 91:39 (1978), and then washed with serum-free 55 
medium. One day later, transfected cells were fed with 
fresh selective medium containing MSX at a final con- 
centration of 25 uM. Colonies of MSX-resistant surviv- 
ing cells were visible within 3-4 weeks. Surviving colo- 
nies were transferred to 24-well plates and allowed to 60 
grow to confluency in selective medium. Conditioned 
medium from confluent wells were then assayed for 
soluble TNF-R activity using the binding assay de- 
scribed in Example 1 above. These assays indicated that 
the colonies expressed biologically active soluble TNF- 65 
R. 

In order to select for GS gene amplification, several 
MSX-resistant cell lines are transfected with 



The 5' end oligonucleotide primer used in the amplifica- 
tion included an Asp718 restriction site at its 5' end, 
followed by nucleotides encoding the 3' end of the yeast 
a-factor leader sequence (Pro — Leu — Asp— Lys — Arg) 
and those encoding the 8 amino acids of the FLAG ® 
peptide (AspTyrLysAspAspAspAspLys) fused to se- 
quence encoding the 5' end of the mature receptor. The 
FLAG® peptide (Hopp et al., Bio/Technology 6:1204, 
1988) is a highly antigenic sequence which reversibly 
binds the monoclonal antibody Ml (ATCC HB 9259). 
The oligonucleotide used to generate the 3' end of the 
PCR-derived fragment is the antisense strand of DNA 
encoding sequences which terminate the open reading 
frame of the receptor after nucleotide 704 of the mature 
coding region (following the Asp residue preceding the 
transmembrane domain) by introducing a TAA stop 
codon (underlined). The stop codon is then followed by 
a BamHl restriction site. The DNA sequences encoding 
TNF-R are then amplified by PCR, substantially as 
described by Innis et aL, eds., PCR Protocols: A Guide to 
Methods and Applications (Academic Press, 1990). 

The PCR-derived DNA fragment encoding soluble 
human TNF-R was subcloned into the yeast expression 
vector pKY120 by digesting the PCR-derived DNA 
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fragment with BamHl and Asp718 restriction enzymes, 

digesting pIXY120 with BamHl and Asp718, and ligat- Example 9 

ing the PCR fragment into the cut vector in vitro with Isolation of Murine TNF-R cDNAS 

T4 DNA ligase. The resulting construction (pIXY424) Murine TNF-R cDNAs were isolated from a cDNA 

fused the open reading frame of the FLAG ©-soluble 5 Hbraiy made from murine 7B9 cells, an antigen-depend- 

TNF receptor m-frame to the complete a-factor leader e nt helper T cell line derived from C57BL/6 mice, by 

sequence and placed expression in yeast under the aegis cross-species hybridization with a human TNF-R 

of the regulated yeast alcohol dehydrogenase (ADH2) probe. The cDNA library was constructed in XZAP 

promoter. Identity of the nucleotide sequence of the (Stratagene, San Diego), substantially as described 

soluble TNF receptor carded in pIXY424 with those in above in Example 2, by isolating polyadenylated RNA 

cDNA clone 1 were verified by DNA sequencing using from the 7B9 cells. 

the dideoxynucleotide chain termination method. pIX- A double-stranded human TNF-R cDNA probe was 

Y424 was then transformed into K coli strain RR1. produced by excising an approximately 3.5 kb Notl 

Soluble human TNF receptor was also expressed and 15 fragment of the human TNF-R clone 1 and 32 P-labeling 

secreted in yeast in a second vector. This second vector the cDNA using random primers (Boehringer-Mann- 

was generated by recovering the pDCY424 plasmid heim). 

from K coli and digesting with EcoRl and BamHl The murine cDNA library was amplified once and a 

restriction enzymes to isolate the fragment spanning the total of 900,000 plaques were screened, substantially as 

region encoding the ADH2 promoter, the a-factor 20 ^ escr i° e d hi Example 2, with the human TNF-R cDNA 

leader, the FLAG ©-soluble TNF receptor and the P'obe. Approximately 21 positive plaques were puri- 

stop codon. This fragment was ligated in vitro into fied ' ^ ^ Blu escript plasmids containing EcoRl- 

EcoRl and BamHl cut plasmid pYEP352 (Hill et al., Jeered inserts were excised (Stratagene, San Diego). 

Yeast 2:163 (1986)), to yield the expression plasmid Nucleic acid sequencing of a portion of murine TNF-R 

PDCY432, which was transformed into R coli strain 25 ^ on t}L m ^ ted ^sequence of the mu- 

rme TNF-R was approximately 88% homologous to the 

To assess secretion of the soluble human TNF recep- T^T^f n »? leotide sequ f ? f h ™ ™T'^ 

^„ ~ m , r _ + ^jwa^a .rTT^ u / 7 p l A partial nucleotide sequence of murine TNF-R cDNA 

tor from yeast, pIXY424 was purified and introduced clone n ^ ^ forth ^ mGS ^ 3A -3B. 
into a diploid yeast strain of & cerevisiae (XV2181) by 

electroporation and selection for acquisition of the plas- 30 Example 10 

mid-borne yeast TRP1 + gene on media lacking trypto- Preparation of Monoclonal Antibodies to TNF-R 

phan. To assess secretion of the receptor directed by ~ ^ _ , ,_. _ „ 

PIXY432, the plasmid was introduced into the yeast Reparations °f purged recombinant TOF-R for 

strain PB149-6b by electroporation followed by selec- 35 S^lS^SJS™ J™*^ ex " 

r- r u™« ttt> a i -j- ^ 35 pressing nigh levels of TNF-R are employed to gener- 

tion for the plasmid-borne URA3+ gene with growth ate monoc i onal antibodies against TNF-R usin| con- 

S tH Overmght cultures were ven tional techniques, for example, those disclosed in 

SEE Is r^v^f 6 ap T Pmte SeleCtlVe J media * ^ U.S. Pat. No. 4,411,993. Such antibodies are likely to be 

PB149-6b/pIXY434 transformants were diluted into useful in interfering with TNF binding to TNF recep- 

YEP-1% glucose media and grown at 30° C. for 38-40 40 tors, for example, in ameliorating toxic or other unde- 

hours. Supernatants were prepared by removal of cells sired effects of TNF, or as components of diagnostic or 

by centrifugation, and filtration of supernatants through research assays for TNF or soluble TNF receptor. 

0.45/a filters. To immunize mice, TNF-R immunogen is emulsified 

The level of secreted receptor in the supernatants was in complete Freund's adjuvant and injected in amounts 
determined by immuno-dotblot. Briefly, 1 ul of superna- 45 ranging from 10-100 jig subcutaneously into Balb/c 
tants, and dilutions of the supernatants, were spotted mice. Ten to twelve days later, the immunized animals 
onto nitrocellulose filters and allowed to dry. After aTe boosted with additional immunogen emulsified in 
blocking non-specific protein binding with a 3% BSA incomplete Freund's adjuvant and periodically boosted 
solution, the filters were incubated with diluted Ml thereafter on a weekly to biweekly immunization sched- 
anti-FLAG <g) antibody, excess antibody was removed 50 Serum samples are periodically taken by retro-orbi- 
by washing and then dilutions of horseradish peroxidase Weeding or tail-tip excision for testing by dot-blot 
conjugated anti-mouse IgG antibodies were incubated i^^>ody sandwich) or ELISA (enzyme-linked 
with the filters. After removal of excess secondary anti- immunosorbent assay). Other assay procedures are also 
bodies, peroxidase substrates were added and color „ suifcime- Following detection of an appropriate anti- 
development was allowed to proceed for approximately 55 ?^y^er, Positive animals are given an intravenous 
10 minutes prior to removal of the substrate solution. W*?* of antigen in saline. Three to four days later, 

The anti-FLAG® reactive material found in the ^ejmnnab are sacrificed, splenocytes harvested^ and 
supernatants demonstrated that significant levels of 

S +~ . . . t_ cell hnes generated by this procedure are plated m mul- 
receptor were secreted by to&expre^n systems. w ti le mfc * liter pla a &AT selectivemedium (hy- 
Comparisons demonstrated Aat the pDCY432 system poxanthme , ^pterin, and thymidine) to inhibit pro- 
secreted approximately ^ times more soluble human iif eration Q f non-fused cells, myeloma hybrids, and 
TNF receptor than the pDCY424 system. The superna- spleen cell hybrids. 

tants were assayed for soluble TNF-R activity, as de- Hybridoma clones thus generated can be screened by 

scribed in Example 1, by their ability to bind ^I-TNFa 65 ELISA for reactivity with TNF-R, for example, by 

and block TNFa binding. The pDCY432 supernatants adaptations of the techniques disclosed by Engvall et 

were found to contain significant levels of active soluble al., Immunochem. 8:871 (1971) and in U.S. Pat. No. 

TNF-R. 4,703,004. Positive clones are then injected into the 
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peritoneal cavities of syngeneic Balb/c mice to produce 7. An isolated DNA sequence according to claim 1 
ascites containing high concentrations (> 1 mg/ml) of encoding the TNF-R polypeptide expressed by 

anti-TNF-R monoclonal antibody. The resulting mono- pCAV/NOT-TNF-R (ATCC 68088). 

clonal antibody can be purified by ammonium sulfate 8 - A recombinant expression vector comprising a 

precipitation followed by gel exclusion chromatogra- 5 DNA sequence according to claim 1. 

phy, and/or affinity chromatography based on binding * A recombinant expression vector comprising a 

of antibody to Protein A of Staphylococcus aureus. ^^ccordmg to claim 2. 

w * 10. A recombinant expression vector comprising a 

We claim: . . ^ T DNA sequence according to claim 3. 

1. An isolated DNA sequence consisting of a DNA 10 u A rec0 mbinant expression vector comprising a 
sequence encoding only the amino acid sequence se- DNA sequence according to claim 4. 

lected from the group consisting of amino acids 1-235 12. A recombinant expression vector comprising a 

of FIG. 2A and amino acids 1-233 of FIG. 3A. DNA sequence according to claim 5. 

2. An isolated DNA sequence according to claim 1 13. A recombinant expression vector comprising a 
which encodes a soluble human TNF-R. 15 DNA sequence according to claim 6. 

3. An isolated DNA sequence consisting of a DNA 14. A recombinant expression vector comprising a 
sequence encoding only the amino acid sequence se- DNA sequence according to claim 7. 

lected from the group consisting of amino acids 1 i5 * A nost ce * 1 transformed or transfected with the 

through x of FIG. 2A t wherein x is amino acid 163-235 vector according to claim 9. 

of FIG 2A 20 ^ k° st eel* transformed or transfected with the 

4. An isolated DNA sequence according to claim 1 vector accordmg to claim 10. ^ 

, . . . • , « . _ , 17. A host cell transformed or transfected with the 

which encodes a soluble human TNF-R comprising the ^ tQ claim n . 

sequent of ammo acids 1-235 of FIG 2A. 18. A host cell transformed or transfected with the 

5. An isolated DNA sequence according to claim 1 25 vector according to claim 12. 

which encodes a soluble human TNF-R comprising the 19 A host ^ transformed or transfected with the 

sequence of amino acids 1-185 of FIG. 2A. vector according to claim 13. 

6. An isolated DNA sequence consisting of a DNA 20. A host cell transformed or transfected with the 
sequence encoding only the amino acid sequence 1-163 vector according to claim 14. 

of FIG. 2A. 30 ***** 
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It is quite fascinating that while metabolically and struc- 
turally different cells can live together harmoniously, cer- 
tain specialized cells are also capable of damaging and 
even killing neighboring cells. Killing of one cell type by 
another through contactual interaction constitutes a major 
effector arm of self-defense of the immune system. The 



major immunologically relevant cytocidal cells other than 
macrophages are cytolytic T lymphocytes (CTLs), natural 
killer (NK) cells, and lymphokine-activated killer (LAK) 
cells. This chapter deals with cellular and molecular 
mechanisms involved in this wondrous mechanism of nat- 
ural immunity, which assiduously protects the body 



735 



736 



CHAPTER 27 




FIOL 1. Electron micrographs of nongranulated and granulated CTLs. The nongranulated CTL (A) 
are BALB/c antl-EL4 ailoreactfve peritoneal exudate cytolytic lymphocytes (PELs) (Berke et at., ref . 
17). The PEL-blast (PEL-BL) (B) Is derived from PELs cultured in the presence of InterieuWn 2 
(IL-2) (Berke and Rosen, ref. 88). Note the presence of osmiophllic granules (gr) in the PEL-blast 
and their absence in the PELs. gol. Golgl apparatus; mit, mitochondria. Bar represents 621 nm for 
A and 1960 nm for B. Electron microscopy by D. Rosen. 



against viral, certain bacterial, and perhaps even cancer* 
ou3 diseases. On the negative side, however, killer lym- 
phocytes form the primary obstacle to be overcome be- 
fore tissue and organ transplants can be spared from 
rejection and before tissue damage in autoimmune dis- 
eases can be prevented. 

A major part of this chapter is devoted to the mecha- 
nism^) whereby lymphocytes recognize and kill other 
cells, the subject of many previous investigations (reviews 
in refs. 1-4) since Govaertz's original observation of cy- 
tocidal lymphocytes in kidney allograft rejection. This 
topic is preceded by an introduction to the generation and 
classification of cytolytic cells (reviews in reft. 5-8) and 
is followed by an assessment of their activities. We also 
discuss the function of cytocidal cells in graft rejection, 
virus immunity, cancer immunotherapy, and the induc- 
tion of tissue damage in autoimmunity (reviews in refs. 
9-11). 



CYTOCIDAL CELLS: T HEIR GENERATION, 
RECEPTORS, AND MARKERS 

Although predicted earlier, the discovery of specifically 
reactive cytolytic lymphocytes must be credited to Go- 
vaertz (12). The demonstration that sensitized cytolytic 



lymphocytes express the Thy-1 (formerly termed 6) an- 
tigen (Ag) on their cell surface resu lted in their classifi- 
cation as cytolytic T lymphocytes (CTLs) (13). Subsets 
of T lymphocytes were also discovered later. It is now 
known that the CD4 and CDS cell surface molecules 
(L3T4 and Lyt2, respectively, in the mouse) are ex- 
pressed on two mutually exclusive subsets of mature T 
lymphocytes. Most T helper cells (Th) express CD4, 
whereas most cytotoxtc/suppressor T cells (To*) express 
CDS. This correlation, however, appears not to be strict, 
as cytocidal CD4+ T lymphocytes have been described 
(14), and cytocidal CD4* effectors may play a role in 
down regulating immune responses by kilting autologous, 
antigen-presenting cells (B cells, macrophages). CD4* 
cells always recognize antigen plus class II MHC mole- 
cules (even when they kill) and CD8* cells recognize an- 
tigen plus class I (even when they do not kflT). Some CTLs 
and most NK. cells appear as large granular lymphocytes 
(LGLs) while mature in vivo primed CTLs are small to 
medium sized (8 to 12 tun), nongranular lymphocytes. 
Transformation from the latter to the former type (Fig. 1) 
can be induced by interleukin 2 (IL-2) and probably by 
IL-4. Three distinct types of cytotoxic lymphocytes have 
been defined (15). The first are Ag-specific CTLs re- 
stricted by class I major histocompatibility complex 
(MHC) molecules that recognize the target through an 
idiotypic T cell receptor (TO associated with another cell 



FIG. 2. CTL-target cell conjugates. Small celts are BALB/c antt-EL4 peritoneal exudate CTLs, while 
the larger ones are CL4 target cells (T) of C57BU6 origin (Berke et at., ref. 53). A and »: Light 
microscopy. C and 0: Scanning electron microscopy. £ and F: Transmission electron microscopy 
showing contact region and fnterdigitlzatlons. Arrows In D point to Interdigftatlorts. 
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surface multimolecular complex (CD3) (16). These MHC- 
restricted CTLs can be defined by the rearrangement of 
their T cell receptor (TcR) a and p genes, the expression 
of the CD3-Ti molecular complex on the cell surface, and 
their cytolytic function, which is both Ag specific and 
MHC restricted. The second type consists of broadly spe- 
cific CTLs that recognize their targets without MHC re- 
striction, but nonetheless via the CD3-Ti complex. The 
third type consists of non-MHC-restricted NK cells that 
recognize and kill certain target cells (NK sensitive) via 
an as yet undefined receptor. Common to all three forms 
of lymphocyte toxicity is an initial lymphocyte-target cell 
adhesion step (conjugation formation) (see Fig. 2), ulti- 
mately leading to target lysis. The assessment and mech- 
anism of target cell recognition and lysis is described in 
a later section of this chapter. 

These three distinct effector cell types may also engage 
in alternative target recognition pathways mediated by ex* 
ogenously added factors such as antibodies or lectins. For 
example, in antibody-dependent cellular cytotoxicity 
(ADCC), the effector lymphocytes express Fc receptors, 
and target cell recognition is mediated by the interaction 
of these receptors with the Fc portion of antibody bound 
to the target cell. Cells capable of performing ADCC nave 
previously been named K cells, but it is now clear that 
both NK cell s and CTLs expressing Fc receptors for IgO 
(Fc-yR) as well as macrophages and monocytes can me- 
diate ADCC. Non-MHC-restri cted , non-specific cytotox- 
icity can also be induced by CTLs, if the effector and 
target cells are allowed to react in the presence of anti- 
bodies to one or more components of the Ti-CD3 com- 
plex or the autogenic plant lectins concanavilin A (Con 
A) or phytohemaggjutinin (FHA), which provide both ef- 
fective intercellular bonding and enable triggering of the 
effector cell lytic machinery. 



Cytolytic T Lymphocytes (CTLs) 

Effector CTLs are generated in response to allogeneic 
cell surface MHC determinants (as in allotransplantation), 
mitogenic lectins, chemically modified or virafly infected 
autologous or syngeneic cells, and tumor-associated Ag. 
The generation of CTLs from their precursors involves a 
complex series of events and signals — not all of which are 
fully understood — ultimately resulting in the production 
of effectors, capable of specifically recognizing and lysing 
the target (7,8) (Fig. 3). Schematically, it is believed that 
resting CDS* CTL precursors (Lyt2 in the mouse) are 
triggered directly by either foreign class I MHC surface 
molecules (in allogeneic responses) or by nominal Ag 
(viral, bacterial) in conjunction with class I MHC mole- 
cules (in MHC-restricted responses) (first signal). Within 
several hours after onset of activation, surface expression 
of interleukin 2 (IL-2) receptors and blast transformation 
occur prior to cell division. Proliferation of these acti- 
vated CTL precursors will not occur unless a second sig- 
nal, IL-2, is provided. To this end, precursors of T h cells 
(CD4*; L3T4* in the mouse) are triggered by exposure 
to allogeneic class II MHC molecules alone (in allogeneic 
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FIG. 3. Cell Interactions In the generation of cytotoxic T 
lymphocytes. Pre-CTLs (Iowa? part of the figure) need at 
least two signals to become functionally mature. Signal 
1 is provided by the Interaction of the pre-CTLs' antigen 
receptor with a MHC class f Ag on an allogeneic stimu- 
lating cell (or with foreign Ag presented In conjunction 
with self-MHC class I Ag in MHOrestrictsd responses). 
As a result of this signal, the pre-CTLs become "acti- 
vated'* and express receptors for IL-2. However, the ac- 
tivated CTLs will not divide unless they are provided with 
a source of IL-2 (second signal). This is normally supplied 
by a nearby T helper (T h ) cell (upper pert of the figure), 
activated to produce IL-2 by interaction with class It-bear- 
ing, IL-1 -producing allogeneic stimulating cells, most 
likely a dendritic cell or macrophage, or with foreign Ag 
presented in conjunction with MHC class II Ag in MHC- 
restricted responses. When the activated pre-CTL en- 
counters IL-2, It divides and matures into a fully cytotoxic 
cell, possibly under the Influence of additional (differ- 
entiating) factors provided by the T h cell. The mature 
CTLs can then attack and destroy cells bearing the same 
class I antigens as the original stimulating cell. 1 and II 
refer to class I and class II MHC antigens, respectively. 
(Adapted from Wagner at a!., rot 8, and Bach et ah, raf. 
25.) 



responses) or to complexes of class II molecules or nom- 
inal antigens (as in virus infection) on dendritic cells or 
macrophages. Interleukin 1 (IL-l) secreted by the mac- 
rophages is presumed to activate the T k to produce IL-2, 
which in turn induces proliferation of the activated pre- 
CTLs (second signal). Under the influence of IL-2 in vitro, 
activated, proliferating lymphoblasts acquire azurophilic 
granules and serine protease activity. These activated 
CTLs are cytocidal and they gradually differentiate into 
small to medium sized effectors that express potent, spe- 
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cific cytolytic activity but no cytolytic granules, and fi- 
nally into memory CTLs. In secondary (anamnestic) CTL 
responses, the participation of T h (and IL-2 production) 
does not appear to be essential for effector (memory) ceil 
activation. 



Alhspectfic CTLs: In Vivo 

In experimental animals, alloreactive CTLs are gen- 
erated in response to transplanted allogeneic normal tis- 
sues or to transplantable allogeneic tumors (frequently, 
mouse leukemias are used). One convenient system uti- 
lizes the intraperitoneal injection of allogeneic t umo r cells 
where primary rejection of the tumor cells by CTLs can 
be studied in detail. While spleen or lymph node cells 
derived prior to, during, or shortly after this allogeneic 
rejection provide a good CTL source (13), peritoneal ex- 
udate cells collected shortly after primary or secondary 
rejection of an intraperitoneal tumor allograft are an ex- 
cellent source of highly potent, specific CTLs (17,18). 
Such cells are capable of binding to and lysing target cells 
in vitro, as determined by the conjugation (target binding) 
and the ,l Cr release (target lysing) assays, respectively 
(17,18) (Fig. 4). 

That MHC class I differences alone are required and 
sufficient for allogeneic CTL generation has been dem- 
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RQ. 4. Generation and testing of the lytic and conju- 
gating activity of in vivo primed peritoneal exudate CTLs. 
(Adapted from Berke, ref. 54, and Berke and Amos, ref. 
57.) 



onstrated by the subtle mutational events) of H(Z1) 
mice— later called bml — where two amino acid substi- 
tutions in MHC class I products (class II molec ules o f the 
mutant and wild type are identical) give rise to CTL pro- 
duction, cellular alloreactivity, as demonstrated by skin 
and tumor allograft rejection, and mixed-leukocyte re- 
action (MLR) (19-21). Interestingly, the cellular allo- 
reactivity and generation of CTLs directed against the 
mutated MHC class I molecules of bml mutant mice oc- 
curs in the absence of detectable autoantibody production 
(21). Because of distinct cross-reactivities of mutant-spe- 
cific CTL, it appears that the MHC class I elements) 
detected by CTLs in bml mutants is conformational and 
not sequential (22). 



Alhspecffic CTLs: In Vitro 

Ginsburg and colleagues were first to generate specific 
cytocidai lymphocytes in vitro (23). They showed that co- 
cultivation of unprimed lymphocytes with stimulating fi- 
broblast monolayers of various mouse and rat strains 
(xenogeneic and later allogeneic combination) resulted in 
lymphocyte transformation and production of strain-spe- 
cific cytocidai iymphoblasts capable of lysing 5, Cr-labeted 
fibroblast monolayers antigenically identical to the orig- 
inal stimulating monolayers (23,24). Subsequently, it was 
shown that mixed leukocyte cultures (MLCs) of alloge- 
neic spleen, lymph node, or peripheral blood cells, which 
have been incubated in vitro for a few days, provide an 
excellent system for studying alloreactivity and CTL pro- 
duction in vitro (5,25). Precision was given to this re- 
sponse when it was found that prior treatment of the stim- 
ulator cells by mitomycin C or X-irradiation results in one- 
way MLCs, not unlike MLCs between lymphocytes of 
homozygous parental and Fl hybrid cells (25). Adoptive 
transfer of immunity in vivo by cytocidai ceils sensitized 
in vitro has been demonstrated (5,26), showing the effec- 
tiveness of the in vitro primed cells in an in vivo setting. 
CTL generation in MLCs has therefore been used as a 
well-characterized model system in which both the affer- 
ent and efferent phases of T-ceU-mediated immunity can 
be studied. Anamnestic (memory) CTL responses can 
also be induced and studied in vitro by reexposure of rest- 
ing MLC cells to the original stimulating cell (5), and even 
to polyclonal stimulators such as mitogenk lectins which 
result in cell proliferation and prompt reappearance of 
high levels of specific CTL activity. Moreover, cytocidai 
reactivity of these anamnestic CTLs can be induced even 
when DNA synthesis is completely blocked, for example, 
by cytosine arabinoside (27). 



MHC-Restricted CTLs 

Cytocidai cells specific for a nominal (non-MHC) Ag 
presented in conjunction with a particular MHC (class I 
or D) Ag are termed MHC restricted (28-30). Specific 
MHC-restricted CTLs directed against combinations of 
class I MHC molecules and small chemical groups [e.g., 
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dinitrophcnyl (DNF), fluorescein isothiocyanate (FITC)] 
are obtained following in vitro cultivation of lymphocytes 
with autologous lymphocytes modified by the particular 
chemical (29). MHC-restricted, tumor or virus specific 
CTLs can be obtained from the lymph node or spleen cells 
of virus- or tumor-injected animals. The in vitro restim- 
ulation of these cells with tumor cells or virus-infected 
cells (28) results in an enhanced CTL response. MHC- 
restricted CTLs to minor histocompatibility Ags, $2 -mi- 
croglobulin, and to other cell surface determinants have 
also been described (31). 



Polyclonal CTLs 

Polyclonally activated CTLs can be generated follow- 
ing Con A- or PHA-induced stimulation of lymphocytes. 
Other polyclonal stimulators include Staphylococcal en~ 
terotoxins (e.g., SEB), antibodies to CD3 (a T-cell re- 
ceptor-associated multimolecular complex), as well as 
other T cell mitogens. Within 24 hr of such stimulation, 
small lymphocytes undergo blast transformation and com- 
mence cell division. The resultant blasts exhibit a low 
level of cytocidal activity against a wide range of target 
cells (32); this cytotoxicity is enhanced in the presence of 
the lectin. The low cytotoxicity is because most if not all 
clones are stimulated; namely, any one clone is repre- 
sented at a low frequency. Interestingly, in vitro stimu- 
lation by these autogenic lectins of memory spleen cells 
derived from previously alloimmunized mice results in an 
Ag-like anamnestic response and production of MHC spe- 
cific CTLs (33,34), probably due to the selective advan- 
tage of memory CTLs in response to mitogenic stimula- 
tion. Thus lectins can induce both specific and seemingly 
nonspecific CTLs, the ratios of which depend on previous 
antigenic stimulation of the responding cells and the sys- 
tem employed. 



IL-2-Dependent CTL Lines and CTL Hybridomas 

Today, cloned, IL-2-dependent CTLs and NK cell lines 
(35) are important sources of effector cells for studying 
(a) the phenotypic expression of differentiation Ag, (b) 
fine Ag specificity of T cell responses, (c) effector cell 
activation and cytocidal activity, and (d) the structure and 
molecular biology of T cell receptors. One drawback of 
CTLs and NK clones maintained in vitro in IL-2 is that 
these cultured effectors may develop unexpected speci- 
ficities (36). For example, cloned CTLs can evolve into 
cells with NK-like granules and NK-like target specificity 
(37) but which are not NK cells because they continue to 
express Ti-CD3 determinants (15). 

With the advent of "immortal" antibody-producing B 
cell hybridomas, the generation of CTL hybridomas be- 
came an obvious "next step." Early attempts to somat- 
ically hybridize CTLs and tumor cells, thereby forming 
hybridomas, were unsuccessful. The failure was attrib- 
uted to polyethylene glycol-mediated CTL lysis of the fu- 
sion partner. Nevertheless, successful production of CTL 



hybridomas was reported by two groups working simul- 
taneously but independently (38*39). The CTL hybrido- 
mas generated by Kaufmann et al. (39) grow without ex- 
ternally supplied IL-2, exhibit specific lytic activity, and 
express the Thy-1 marker and the T cell receptor (Ti) a 
and $ chains. Although expressing innate lytic activity, 
the cytocidal capacity of and IL-2 production by these 
CTL hybridomas is augmented significantly upon in vitro 
stimulation by mitogenic lectins (e.g. , Con A) or specific 
antigenic cells (40,41), suggesting that the hybridomas are 
derived from and represent memory CTLs* 



Natural Killer (NK) Cells and Lymphokfne- Activated 
Killer (LAK) CdUb 

These cells, which exhibit LGL morphology, probably 
play a role in tumor resistance, host immunity to viral and 
perhaps other microbial infections, and in the regulation 
of lymphoid and other hemopoietic cell populations (42). 
NK cells do not exhibit rearrangement of the genes that 
code for the 0 chain of the TcR and do not express ccfl 
surface CD3 determinants. However, they usually do ex* 
press CD16 and Leu 19 (NKH-1) antigens and Fc recep- 
tors. The cell lineage of NK cells is uncertain. The target 
cell specificity of NK cells suggests that the cytolytic ac- 
tivity of a NK population is not due to a single cell type 
but is rather the summation of the lytic activities of sev- 
eral different cell lineages at particular stages of matu- 
ration and activation. A consistent feature of NK cells 
which has enabled their isolation, examination, and com- 
parison with other cell types is their association with a 
subpopulation of cells, the LOLs (reviewed in ref. 42). 
LOLs are present in the peripheral blood, spleen, and 
liver of unprimed animals, including athymic "nude" 
mice and humans. By ccntrifugation on discontinuous 
Percoll gradients and elimination of cells that form high- 
affinity rosettes with sheep red blood cells, a population 
consisting of 95% LOLs can be obtained from peripheral 
blood. It should be noted that not all NK cells may be 
LOLs, nor do aD LOLs exhibit NK activity. Certain 
transplantable tumor cells [e.g., rat NK (RNK) leukemia] 
exhibit considerable NK activity and cytoplasmic gran- 
ulation (42,43). Some target cells are highly susceptible 
to NK-induced lysis (e.g., YAC in the mouse and K562 
in humans) while others (e.g., EL4 and Daudi in humans) 
are refractory. The molecular basis for this differential 
susceptibility is not well understood. The recent conver- 
sion of NK-resistant tumor cells into NK-sensitive targets 
upon fusion with liposomes containing NK-sensitive 
membrane determinants (44), or during B cell differentia* 
tion (45), may help define the molecular nature of the tar- 
get cell determinants recognized by NK cells. 

Incubation of peripheral blood lymphocytes with IL-2 
results in the production of lympholdne-activated killer 
(LAK) cells, initially thought to be a unique cell popu- 
lation capable of lysing fresh tumor cells but not normal 
or NK-sensitive target cells (46). Recent evidence sug- 
gests that LAK activity can be attributed primarily to IL* 
2-activated NK cells (47). A separate class of natural cy- 
totoxic (NQ cells, in addition to NK cells, have been 
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demonstrated in mice. NC cells differ from NK cells with 
regard to their cell surface characteristics, target selec- 
tivity, and organ and strain distribution. In view of the 
probable involvement of tumor necrosis factor (TNF-a) in 
lysis induced by NC cells, they may be regarded aa ef- 
fectors of the myelomonocytic (monocytes) series, al- 
though highly purified NK cells can also produce TNF 
(48). 



ALLOGENEIC RESPONSES, CLONAL 
SELECTION, AND MATURATION OF CTLo 

The specificity and molecular nature of the CTL IS re- 
ceptor are comparable to that of membrane-bound Ig re- 
ceptors of B cells, although a more complex series of mo- 
lecular interactions appears to be involved in T cell 
triggering (16). The applicati on o f Burnet's clonal selec- 
tion and expansion theory to CTLs is complicated by the 
finding that unprimed animals already contain large num- 
bers of committed T cells reactive to a given alloantigen 
in mixed lymphocyte reactions. At least one and accord- 
ing to some estimates up to 5% of all T cells from un- 
primed animals respond to a given alloantigenic challenge. 
However, a given alloantigenic difference may entail a 
multitude of antigenic epitopes. Some studies even sup- 
port the extreme view that no clonal expansion (cell di- 
vision) is required in an in vivo allogeneic T cell response, 
suggesting that clonal activation alone without expansion 
may be required and sufficient. However, direct assess- 
ment of effector cell replication during CTL production 
in vivo (49) has supported the concept of clonal expansion 
in the usual type of CTL responses as observed in vivo. 
In that system, the proliferative response of peritoneal 
exudate CTLs of mice responding to an allogeneic tumor 
injected intraperitoneally was monitored by administering 
3 H- thymidine during induction of the CTL response fit 
vivo. Almost all the specific conjugate-forming peritoneal 
CTLs obtained in this case were 3 H labeled on autora- 
diography and thus clearly were the products of dividing 
cells. Thus the clonal selection and expansion model is 
applicable to at least one primary in vivo alloimxnune T 
cell response resulting in CTL production* However, one 
must remember that the allogeneic CTL response is bi- 
ologically artificial; it seems much more likely that MHC- 
restricted, "self +• X" CTL responses in vivo would re- 
flect true clonal restriction and expansion a la Burnet. 

The observed cytolytic capacity of various lymphoid 
cell populations, as a function of time after immunization 
(50-52), is also pertinent to the issue of clonal T cell ac- 
tivation and/or selection. Changes in the lytic potential of 
a given lymphoid population may be due to alterations in 
numbers of effector CTLs and/or in their individual cy- 
tocidal activity. A correlation between the number of cells 
capable of binding target cells and the population's lytic 
capacity has been demonstrated (Fig. 5). The frequency 
of peritoneal exudate CTLs capable of binding to and lys- 
ing target cells increases from a background of 2-5%, up 
to 35% within 11 days of primary intraperitoneal alloim- 
munization and then decreases (53). These findings sup- 




FIO. 3. Conjugation and cytotysfs as a function of time 
after a primary alloimmunization. BALB/c mice were In- 
oculated with EL4 intraperitoneally. PELs were Isolated 
at the Indicated times and assayed for their conjugation 
(O) and lytic activity (A). (From Berke at al. t ret 53 with 
permission.) 

port the view (54) that alterations in cytolytic activity fol- 
lowing alloimmunization are due to changes in frequency 
of effector CTLs capable of binding to and lysing the tar- 
get, rather than to obvious variations in the lytic capacity 
of individual cells, that is, that effector CTL in an im- 
munized population are either cytotoxic or not (i.e., cy- 
totoxicity is "quantal")* 

CTL maturation during primary and anamnestic allo- 
geneic responses can be evaluated by examining the spec- 
ificity of target cell binding by CTLs, the cytolytic and 
recycling ability of individual CTLs, and the avidity of 
effector-target cell conjugation (50). The target MHC 
haplotype and subloci specificity of responding CTLs axe 
preserved after repeated immunizations. Likew ise, the 
lytic rate and recycling ability of individual CTLs are not 
altered by r epeated immunizations. However, inhi bitio n 
both of CTL-target cell conjugate formation and of CTL- 
mediated target cell lysis by antibodies against target 
MHC Ags or the effector's Lyt2 determinants is less ef- 
fective with tertiary CTLs, suggesting an increase in av- 
idity of effector-target cell interaction after repeated im- 
munization (50). A similar increase in apparent avidity is 
also observed during CTL priming in MLRs, as de duced 
from blocking by antibodies directed against CTLs and/ 
or target determinants (27). These observations suggest 
that responding CTL populations are subjected to mod- 
erate selective processes upon repeated antigenic stimuli, 
and provide a further analogy with B cell responses in 
which the most avid responders are selected over time 
and with decreasing amounts of nominal antigen. 

EN VIVO FUNCTION OF THB 
CYTOLYTIC LYMPHOCYTE 

Graft RejectloBB 

Early Studies 1 

Multicellular organisms are equipped with an intricate 
immune system to recognize and neutralize foreign and 
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potentially hazardous agents, such as intracellular and ex- 
tracellular parasites and neoplastic cells. Due largely to 
the work of Snell, Gorer, Medawar, Biilingham, and 
Brent (reviews in refs. 13,55-57), it is now apparent that 
the rejection of normal (or malignant) allografts is due to 
a genetically determined and powerful immunological 
process. That allogeneic tumor fragments enclosed in dif- 
fusion chambers implanted into the peritonea] cavities of 
immune mice were not rejected showed the necessity for 
direct contact between grafted and host effector ceils for 
rejection to occur (58). On the other hand, antibody and 
complement can directly lyse certain tumor targets even 
inside diffusion chambers (59). Mitchison's adoptive 
transfer experiments (60) demonstrating transference of 
second set allograft rejections by "pruned** lymphoid 
cells but not by immune aUosera established the cellular 
basis of allograft rejection. Antibody plus complement- 
induced tissue damage may be a vascular phenomenon, 
while cellular effectors are involved in response to pa- 
renchymal tissue. The "Winn assay** for measuring the 
antitumor activity of lymphocyte populations by injecting 
immune lymphocyte-tumor cell mixtures subcutaneously 
and monitoring tumor growth was an important step in 
determining the tumor-neutralizing capacity of sensitized 
lymphocytes in allogeneic and syngeneic ("tumor spe- 
cific**) systems. Govaertz (12) was the first to show that 
canine thoracic duct lymphocytes, procured after kidney 
allograft rejection, had a specific, cytopathic effect on 
donor renal cells cultured in vitro. His findings were soon 
followed by a plethora of evidence demonstrating cyto- 
pathological effects of lymphoid cells from animals sen- 
sitized against normal or malignant tissues, including 
human cancer, or suffering from autoimmune diseases. In 
vitro lysis of virus-infected cells by cytocidal lymphocytes 
obtained from virus-infected animals suggested their in- 
volvement in viral immunity and led to the important dis- 
covery of MHC restriction. 



Allogroft-Infittrating Cytocidal Cells 

Involvement of lymphoid ceils in the elimination of his- 
toincompatible cells has been established by adoptive 
transfer and diffusion chamber studies (55,61,62). Infil- 
tration of the graft parenchyma by mononuclear cells, 
producing a destructive lesion, is a common event both 
in allograft rejection and in delayed-type hypersensitivity. 
Depending on the histological type of the transplant, its 
anatomical site, and the time of examination, the infil- 
trating cells may be of predominantly lymphoid or macro- 
phage origin. 

The cells infiltrating rabbit skin allografts and associ- 
ated with the damaged graft epithelium are mainly small 
to medium sized lymphocytes (63). Density distribution 
analysis of spleen cells from mice undergoing allograft 
rejection reveals that large, rapidly dividing effector lym- 
phoid cells are present in the spleen shortly after immu- 
nization, whereas small effector lymphocytes predomi- 
nate at later times and during onset of rejection (64). In 
rodent intraperitoneal ascites allograft systems, where di- 
rect investigation of graft-associated cells is relatively 



simple, the specific cytocidal cells at the time of rejection 
are nonadherent, nonphagocytic, small to medium sized 
Lyt2* T lymphocytes (17,18). The role of the macrophage 
in this setting varies with different tumor targets from a 
primary effector cell to a mere scavanger. Interestingly, 
early (but not later) in the course of an allogeneic re- 
sponse, Lyt2 negative effectors expressing nonspecific 
cytocidal activity have been demonstrated (49). Although 
they are important topics with respect to tumor destruc- 
tion, macrophage killing and vascular changes causing ne- 
crosis are outside the scope of this chapter. 

Small lymphocytes enter the allograft within 1 to 2 days 
after transplantation and rapidly transform into large lym- 
phoblastoid cells ("peripheral sensitization'*); alterna- 
tively, sensitization occurs at a draining lymph node. 
Blast transformation also occurs during mixed lympho- 
cyte reaction, an in vitro correlate of allograft rejection 
(65). That the responding lymphocytes initially undergo 
transformation into large blastoid cells that express lytic 
activity, revert to small to medium sized cells that also 
express lytic activity, and finally evolve into memory 
CTLs has been demonstrated both in vivo and in vitro 
(9,62). Although cytotoxic cells can be detected in lym- 
phatic organs and within grafts shortly after allograft im- 
munization (52,66), graft rejection is usually not apparent 
until 8 to 10 days after transplantation. The progression 
of cells into grafts can be studied by the elegant sponge 
procedure described by Hayry and colleagues (67). When 
a spongy matrix embedded with allogeneic cells is im- 
planted into a histoincompatible recipient, it is infiltrated 
by host cells which can be released by squeezing the 
sponge, thus providing a convenient system for studying 
allograft infiltration. Although both T and non-T lympho- 
cytes infiltrate the sponge, only a small fraction of the 
infiltrating cells are T lymphocytes, which is surprising 
since a potent effector T cell response is observed si- 
multaneously in peripheral lymphoid organs, such as the 
spleen and lymph nodes. In heart and kidney transplants, 
several classes of both lymphoid and nonlymphoid cells 
have been reported to infiltrate the allograft Unlike the 
sponge matrix, in these and similar systems, mechanical 
and enzymatic procedures must be employed to obtain a 
cell suspension from which the infiltrating cells can be 
obtained. Naturally these procedures may select for cer- 
tain cell types, as well as damage or change the properties 
of the cells in question. 

On the other hand, intraperitoneal ascites tumor allo- 
grafts allow observation of graft-infiltrating cells without 
any chemical, enzymatic, or mechanical manipulations 
(68). In such systems, the infiltrating cells, which exhibit 
specific in vitro binding and cytolytic activity at the time 
of rejection, are small CTLs, although significant num- 
bers of macrophages (up to 50% of the population) and 
other cell types are associated with the allograft (17). Thus 
it appears that both large and small lymphoid cells from 
allografted animals, which exhibit lytic activity in vitro, 
may be responsible for graft rejection in vivo. 

The TCell Subset(s) Responsible for Graft Rejection 

A large body of evidence indicates that T lymphocytes 
are the primary mediators of graft rejection, yet the par- 
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ticular T cell subset involved in the actual rejection pro- 
cess remains controversial (9,67,69,70). The infiltration 
of CD8/Lyt2 type lymphocytes and the strong cytopatho- 
logical component in graft rejection have implicated the 
direct involvement of cytocidal T lymphocytes (CTLs). 
Furthermore, a good correlation between several param- 
eters of allograft rejection (e.g., kinetics, genetics, ana- 
tomical association) and host CTL activity in vitro has 
been demonstrated. It is possible, however, that the T h 
cell subset (CD4/L3T4), involved in delayed-type hyper- 
sensitivity (Dili)* is at least partially responsible for 
some tissue damage and graft rejection. The use of an- 
tibodies to define functional T cell subsets may be mis- 
leading, since the serological division of T ceil subsets 
may not be as restricted as once thought. In addition, 
some Lyt2 * /CDS + type ceils have been shown to produce 
IL-2, a T h characteristic, and some Lyt2~ cells exhibit 
cytolytic capacities. Furthermore, certain cells can ex- 
press more than one activity; for example, one cloned T 
cell line has been shown to express allo-help, cytotox- 
icity, and DTH capacities (71), and a cytotoxic T cell 
clone and a monoclonal CTL hybridoma have been shown 
to generate helper activity (in this case lymphokine pro- 
duction) (40). On the other hand, the observation that 
cloned Lyt2* cytotoxic cells can specifically destroy al- 
lografts in vivo confirms that CTLs can mediate trans- 
plantation immunity in an immunologically specific, 
MHC-restricted fashion (72). 



Testing for in Vivo Bystander Cell Lysis During 
Allograft Rejection 

Graft rejection mechanisms mediated solely by a de- 
layed-type hypersensitivity response, involving produc- 
tion of phagocyte-attracting lymphokines or tissue-de- 
stroying mediators, which act nonspecific ally, rather than 
by specifically sensitized CTLs, are incompatible with the 
specificity and selectivity of the rejection episode. For 
example, skin grafts from aHophenic mice (mosaics pro- 
duced by mixing early-stage allogeneic embryos) grafted 
onto one parental strain resulted in rejection mainly of the 
melanoblasts and hair follicles that express the same H- 
2 as the allogeneic parent type, while those of the host 
H-2 type did not suffer irreversible damage (73). Fur- 
thermore, injection of allogeneic murine tumors mixed 
with syngeneic tumors (at a cell ratio of 500:1, respec- 
tively) resulted in selective and complete rejection of the 
allogeneic tumor, without affecting the syngeneic one 
(74). In another CTL system, lymphocyte-induced by- 
stander lysis of cells infected with a third-party virus was 
also not observed. Thus CTL-mediated lysis is one of the 
rare cellular cytotoxic mechanisms that displays a high 
degree of specificity, thereby discriminating between tar- 
get and bystander cells. However, it is conceivable that, 
under special circumstances, nonspecific in addition to 
Ag specific reactions initiated by CTL- target cell inter- 
actions may contribute to tissue destruction in allograft 
rejection, in severe forms of delayed-type hypersensitiv- 
ity, and in certain viral infections. 



Virus and Bacterial Infection: MHC Restriction 

Virtually all cells are potential candidates for virus in- 
fection and phagocytes are the most susceptible to bac- 
terial infections since they endocytose them. Host cells 
carrying viruses must be eliminated to keep virus prolif- 
eration to a minimum; however, destruction of bacteria- 
or virus-containing phagocytic cells may result in the dis- 
semination of these organisms. It has been found that im- 
munocompetent host T cells are triggered by bacterial or 
viral determinants only when they are presented as Ag in 
the proper molecular form on cell surfaces, in association 
with MHC class I and class II molecules. Phagocytosed 
bacteria are digested and their processed Ag are in the 
form of peptides presented by macrophages in association 
with MHC class II-encoded surface molecules (MHC 
class II restriction). These "hybrid" membrane struc- 
tures induce specific T h cell proliferation and differentia- 
tion, leading to the release of lymphokines, including 
macrophage-activating factors), which ultimately elimi- 
nate the infecting bacteria. CTL recognition of viral an- 
tigenic determinants on infected cells occurs when they 
appear in conjunction with MHC class I molecules on the 
cell surface (MHC class I restriction) (10,28,75). In gen- 
eral class I MHC determinants appear to present endog- 
enously synthesized virus and antigens, while class II is 
involved in presenting exogenously encountered proteins 
(76). Anti-influenza CTLs recognize murine L fibroblasts 
that express viral nucleoprotein (NP) determinants, rais- 
ing the question of how these originally nontransmenv 
brane viral proteins are processed and presented so that 
they can be recognized by CTLs. Recent studies are con- 
sistent with the view that somatic cells bearing class I 
molecules are capable of degrading and presenting newly 
synthesized viral proteins and peptides to CTLs (77,78). 
The molecular nature of viral epitopes recognized by 
CTLs on the surface of virus-infected cells is now being 
resolved (77). 

Virus-neutralizing antibodies are effective in prevent- 
ing initial viral infections. However, cell-mediated im- 
munity is essential to eliminate established viral infec- 
tions. For example, athymic mice often suffer from 
persistent and progressive virus infections, probably due 
to their defective cell-mediated immune system. In mu- 
rine lymphocytic choriomeningitis (LCM) clearance of 
the viral infection is effected by CTLs (79). The patho- 
logical changes induced by LCM virus have been attrib- 
uted to damage of virus-infected cells by T cells since 
virally infected athymic mice do not show brain lesions. 
In influenza virus infection, whether viral spread is lim- 
ited by ^-interferon released by CTLs at the site of virus 
infection, or solely by lysis of infected cells, is not known. 
However, cloned, influenza virus specific CTLs can pro- 
tect mice against 10 lethal doses of the specific virus but 
not against one lethal dose of a non-cross-reacting virus 
admixed a nd ad ministered with the virus against which 
the cloned CTLs were generated (10). These results es- 
tablish the essential role of direct, specific effector cell 
contact with infected target cells and exclude involvement 
of nonspecific cytocidal factors that work at a distance. 
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CTLs and NX Ceils In Tumor Immunity 

Repeated demonstrations of tumor specific immune re- 
sponses (80-82) have formed the basis of tumor immu- 
nology and have supported the theory of "immune sur- 
veillance" against tumors. The principal assumption of 
this theory is that tumor specific immunocompetent host 
cells can be triggered by neoplastic cells to differentiate 
into effector cells capable of either destroying the tumor 
or arresting its growth. Although lymphoid cells exhib- 
iting such effector activity have been observed in exper- 
imental animals and in some cancer patients, the precise 
effector cell populations involved and their specificity 
have not yet been determined unequivocally and their bi- 
ological importance is unresolved. Furthermore, cellular 
immune responses against syngeneic tumors vary ac- 
cording to (a) the host, (b) the tumor, (c) the assays em- 
ployed, (d) the inoculation site and the dose, and (e) the 
time and site of effector cell removal. 

Analyses of effector cell phenotype, specificity, and 
mechanism of action against autologous tumor cells reveal 
that the antitumor cytotoxic response can be multiclonal, 
mediated by multiple mechanisms, and directed against 
different determinants expressed on the same tumor- cells 
(83,84). Furthermore, the types and lytic mechanisms of 
effector cells involved depend on the tumor. For example, 
using four different syngeneic tumor systems, Hasldll and 
co-workers (80) demonstrated nonspecific, cytostatic 
macrophages associated with a rat sarcoma; specific, cy- 
totoxic, nonphagocytic, Fc-bearing lymphocytes associ- 
ated with a murine mammary adenocarcinoma; cyto- 
static, macrophage-like cells and specific, cytotoxic lym- 
phocytes associated with a primary murine sarcoma, and 
CTLs within a rapidly growing fibrosarcoma. Adherent, 
non-T, nonphagocytic cells capable of lysing antibody- 
coated chicken red blood cells have been detected in the 
peritoneal cavities of mice with ascites tumors. Nonad- 
herent cytotoxic cells have been obtained from the peri- 
toneal cavities of mice after repeated intraperitoneal in- 
jection of irradiated ascites tumors. Even a single 
intraperitoneal injection of ^Co-irradiated leukemia cells 
could induce immunity to nonirradiated syngeneic tumor 
cells in mice (66). In this system, tumor-associated peri- 
toneal exudate cells exhibited specific in vitro cytolytic 
activity as early as 3 days after the intraperitoneal injec- 
tion of irradiated tumor, and the activity peaked on days 
5 to 6. 



Tumor Therapy Using LAK Cells and Tumor- 
Infiltrating Lymphocytes (TILs) Activated by 
InterleuJdn 2 (IL-2) 

Immunizations against cancers using tumor cell vac- 
cines and attempts to bolster immunity against cancer by 
immunomodulators have generally been unsuccessful. 
The commonly low and sometimes even total lack of cy- 
toctdal activity of human lymphocytes against autologous 
tumors and the difficulty of attaining sufficient quantities 



of autologous lymphoid cells whose anti-tumor activity 
could be boosted in vivo or in vitro have hindered the 
development of effective adoptive immunotherapy 
against human cancer. However, two recent develop- 
ments have changed the approach to treatment of cancer 
using immunological intervention. First was the large 
scale production of recombinant IL-2, previously known 
as T cell growth factor. Second was the observation that 
peripheral blood-derived lymphocytes cultured in IL-2 
[rymphokine-activated killer (LAK cells)] become cyto- 
lytic toward a wide range of fresh neoplastic but not nor- 
mal cells (46,85). LAK cells, together with high dose EL- 
2 as reported by Rosenborg and colleagues, have had 
some success in the treatment of metastatic human ma- 
lignancies, notably melanoma and renal cell carcinoma 
(11,82). In some centers, the continuous infusion of can- 
cer patients with lower doses of IL-2 alone without ad- 
ministration of in vitro generated LAK cells has yielded 
comparable therapeutic results. 

The LAK phenomenon is mediated by a phenotypically 
diverse set of effector lymphocytes generated by incu- 
bation of peripheral blood leukocytes with IL-2 for 3 days* 
LAK effectors appear as mostly NK cells, but with time 
a more T-like phenotype emerges. The majority of LAK 
cells are derived from NK cells expressing the Leu 19 
(NK H-l), but not CD3, surface marker. Peripheral blood 
CD3~ T lymphocytes appear to contribute little to the 
LAK phenomenon (47). However, under certain circum- 
stances, a particular subset of CD3~ NK HI * cells can 
also be activated by IL-2 and mediate LAK activity. 

Recently, Rosenberg (82) reported that lymphocytes in- 
filtrating into tumors could be expanded in vitro with IL- 
2 and used in adoptive immunotherapy. These tumor-in- 
filtrating lymphocytes (TILs) had activity and tumor spec- 
ificity superior to that of LAK cells. It remains unclear 
how much of the activity associated with TILs is due to 
CTL versus LAK and how useful these cells will be in 
the treatment of human cancers. 

Ascites tumors provide an excellent model system to 
study TILs in experimental animals as well as in humans. 
TILs procured from the peritoneal cavities of animals that 
had undergone intraperitoneal allogeneic or syngeneic 
tumor graft rejection prov ide a rich source of small to 
medium sized effector CTLs capable of specific target cell 
lysis in vitro and tumor growth retardation in vivo (86). 
These potent CTLs are devoid of lytic granules, the lytic 
protein perforin, and BLT-esterase activity. They trans- 
form into granule^ntaining, cytolytic lymphoblasts 
within several days in culture in the presence of IL-2 (see 
Fig. 1) (87,88). This observation provides a clue to the 
cellular and possibly molecular basis for improved effi- 
cacy in the immunotherapeutic application of TTLs-CTLs 
expanded in IL-2. Namely, the superb immunotherapeu- 
tic activity of IL-2 activated TIL against tumors may be 
related to their acquisition of cytoplasmic granules in re- 
sponse to IL-2. Proteases and cytotoxic proteins pack- 
aged in cytoplasmic granules of IL-2-transformed lym- 
phocytes may be responsible for the antitumor as well as 
side effects resulting from the administration of large 
doses of IL-2 in vivo. 
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Tissue Damage in Autoimmunity 

Cytocidal lymphocytes seem to play a significant role 
in inflicting tissue damage in certain autoimmune dis- 
eases. This discussion is limited to one autoimmune dis- 
ease, namely, experimental autoimmune encephalomye- 
litis (EAE) in rodents. Hie disease, manifested by nerve 
conduction defects, can be induced by injecting the animal 
with myelin basic protein (MBP) or whole brain homog- 
enatc in complete Freund's adjuvant. EAE, characterized 
by massive infiltration of lymphocytes into the central 
nervous system, is a model system for inflammatory and 
demyelinating human disorders such as multiple sclerosis. 
T ceDs of the belper-inducer phenotype (CD4* ) have been 
implicated as the effectors of EAE, but the mechanism 
whereby they induce demyelinating damage in the brain, 
resulting in disease, is not known; furthermore, even the 
recent production and characterization of encephalito- 
genic CD4* T cell lines capable of inducing EAE (89) 
have not resolved this enigma. Furthermore, the proposed 
linkage between EAE and delayed-type hypersensitivity 
induced by CD4+ effectors was recently contradicted by 
the demonstration that CD4+ encephalitogenic T cells ex- 
pressing IL*2 receptors can cause EAE in the absence of 
DTH (90). Recently, cytocidal CD4+ cells were impli- 
cated as causing the onset of symptoms of EAE, possibly 
by damaging blood vessels in the central nervous system. 
That la-restricted encephalitogenic T lymphocytes lyse 
autoantigen (MBP)-presenting astrocytes in vitro suggests 
that lymphocytes can directly induce brain damage 91). 
Studies with the Lewis rat encephalitogenic T cell line 
(Zla) capable of inducing EAE in rats have shown sub- 
stantial lectin (Con A>dependent cytolytic activity 
against a wide range of target cells, confirming the prop- 
osition that CD4"* Zla encephalitogenic lines are indeed 
cytocidal. Cytocidal lymphocytes have also been asso- 
ciated with a number of other autoimmune diseases in- 
volving lymphocyte infiltrates and tissue damage. 



LYMPHOCYTE-TARGET CELL INTERACTION 
Bindltnig off Effector and Target CdBs 

Lymphocyte-induced target cell lysis involves a com- 
plex series of events, the first of which is quick specific 
or nonspecific binding of the CTL or NK to its target, 
resulting in conjugate formation (Fig. 2). Brondz and co- 
workers (92,93) originally established the immunological 
specificity of the physical interaction between CTLs and 
target cells by demonstrating depletion of cytolytic activ- 
ity of alloimmune lymphoid cell populations incubated on 
target cell (macrophage) monolayers genetically similar 
to the immunizing cells. That this depletion was not due 
to specific inactivation of the effector cells was demon- 
strated independently by Golstein et al. (94) and by Berke 
and Levey (95), who showed that the effector lymphoid 
cells that adhered specifically to target cell monolayers 



could be recovered. The CTLs thus collected were found 
to have an increased cytocidal activity against the specific 
target ceil employed for absorption* Later, Stulting and 
Berke (96) introduced poly-L-lysine (FLL>ftxed target 
ceQ monolayers, to study CTL-target cell binding and 
showed that Wig** but not Ca a * was essential for specific 
CTL-target cell binding. A similar Mg 2 * requirement was 
later demonstrated for NK-target cell binding. Since the 
monolayer absorption technique examines a dhesi on of 
lymphoid populations rather than of individual CTLs, an- 
swers to questions concerning the binding of individual 
CTLs could not be obtained. This has been resolved by 
the CTL-target conjugation method. 



Conjugate Formation 

Unequivocal specific binding of CTLs and target cells, 
resulting in conjugate formation (Fig. 2) was established 
and termed in 1975 (53,97). It is an early event in the 
multistep process of lymphocyte-induced lysis . Conjugate 
formation is induced simply by mixing CTL and target 
cells in a Mg 2 * -containing medium (96), spinning to pro- 
mote interaction, gentle resuspension to break up large 
cell clumps and weak (non-specific) interactio ns, a nd then 
microscopic examination. Guided by earlier CTL work, 
NK-target conjugation, and more recently conjugation of 
T h cells with Ag-presenting ceQs, has also been observed. 
While specific conjugate formation by in vivo primed mu- 
rine CTLs has been repeatedly shown (54), conjugate for- 
mation by human and murine CTL lines growing in vitro 
has been found to exhibit considerably less and sometimes 
even a complete lack of specificity. That conjugated lym- 
phocytes are indeed functional cytocidal effectors has 
been demonstrated using single-cell micromanipulation 
techniques (98). This finding has served as the foundation 
for a series of experiments aimed at answering questions 
regarding lymphocyte-target cell interactions at the in- 
dividual cell level, rather than by extrapolating from pop- 
ulation studies* 



Sjpecfifiday, OomalBfty, and AvtafiHy of Lymjphcryto— 
Target* ConJogaitaB 

In vivo primed murine CTLs preferentially bind to and 
form conjugates with target cells displaying MHC deter- 
minants identical to, or cross-reacting with, the alloim- 
munizing cells (53,97). With in vivo primed CTLs from 
the peritoneal cavity of aDoimmunized mice (PEL-CTL), 
the specificity of CTL-target cell conjugation is displayed 
at all CTIVtarget cell ratios examined. It appears that up 
to 40% of immune PEL are capable of specifically con- 
jugating to the immunizing tumor cells. Five to ten percent 
of these alloimmune peritoneal cells bind nonspecifically 
to antxgenically irrelevant cells (53). Specific binding 
probably involves the CTL T t -CD3 receptor complex and 
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the target MHC class I Ag. The CTL CD8 (or CD4) V LPA- 
1 and CD2 (Til, sheep red blood receptor, LFA-2) mem- 
brane determinants also contribute to intercellular binding 
(99). NK cells preferentially corrugate to NK-sensitive 
target cells, but neither the NK receptor nor the target 
determinants recognized by NIC cells are known at the 
present time. 

CTL conjugation behaves "clonatty" since CTLs from 
animals immunized simultaneously by two antigenically 
dissimilar tumor allografts form only little heterocoqju- 
gates (i.e. , one CTL bound to two different types of target 
tumor cells) (54). Heterocoqjugates, however, can form 
in the presence of a autogenic lectin, such as concana- 
valin A which enables binding of CTLs and third-party 
target cells. Brondz et al. (93) were the first to demon- 
strate the generation of distinct subpopulations of afloim- 
mune CTLs against membrane Ag coded for by the MHC 
H-2D and H-2K subloci by differential immunoabsorption 
on cefl monolayers. A "gene-dosage" effect in the in- 
duction of CTLs, as determined by conjugation, is sug- 
gested by the results presented in Table 1. Thus alloim- 
munization of mice with a single peritoneal tumor allograft 
differing from the host at one or two MHC haplotypes 
generated 19 and 29% specific corrugate-forming non- 
adherent peritoneal cells, respectively, while simultane- 
ous intraperitoneal immunization with allogeneic tumors 
differing from the host at three or four MHC gene loci 
generated a total of about 48 and 60% corrugate-forming 
cells, respectively. Lower frequencies of conjugating ef- 
fectors in a syngeneic intraperitoneal tumor system has 
been demonstrated (66). 

In contrast to specific T cell receptor (TQ-mediated tar- 



get cell binding by in vrvo primed murine CTLs, antigen 
specific CTL clones propagated in vitro often bind lest 
specifically to target cells although they still kin specifi- 
cally (99). Three distinct molecular species, namely, 
LFA1, CD2, and LFA3, appear to be involved in this 
nonspecific adhesion. The finding that the molecules in- 
volved in nonspecific adhesion are also intrinsic to spe- 
cific CTL-target binding suggests that weak, Ag-non- 
specific interactions precede specific interactions 
mediated by the CTL Ti receptor and the target cell sur- 
face Ag (99,100). Theoretical considerations suggest that 
relatively few receptor-receptor or receptor-ligand 
bonds may be necessary and sufficient to initiate firm 
adhesion between cells (101,102). It has been suggested 
that CD8 and CD4 molecules function to stabilize the in- 
teraction between CTL receptors and the corresponding 
target and/or stimulating cell class I and class II MHC 
Ags, respectively. Such stabilization may be required by 
CTLs possessing few and/or low-affinity receptors (10S- 
105) since effector-target ceQ bin ding is an equilibrium 
process (106,107). The avidity of CTL-target cefl junc- 
tions has been measured directly by determining the force 
required to separate a conjugated CTL from specific and 
nonspecific target cells, prior to the delivery of the lethal 
hit. Interestingly, the force required to break the bonds 
between specifically conjugated cells (1.5 x 10 4 dynes/ 
cm 2 ) is about 10 times greater than that required to sep- 
arate a nonspecific lymphocyte-target cell pair (108). 
Hence most of the binding force and probably the energy 
holding a specific CTL and target cell together must come 
from Ti-CD3 interactions with MHC determinants of the 
target. 



TABLES 1. Gene-dosage effect In CTL-target cell c onjugation in alloimmunization 

% PEL in conjugation 0 



PEL as a CTL source 
(MHC subloci) 


Number of 
differing 
MHC subloci 


EL4 


Target cells 

P815 ALB 
K«D d WO* 


YAC 


Nonspecific 
conjugation 
(highest %) 


PEL in conjugation* 
per MHC sublocus 
(estimated) 


BALB/c anti-YAC (antl-K*) 


1 


10.5 


3.9 


4.8 


29.5 


10.5 


16/1 


BALB/c antf-EL4 




42.8 


11.8 


3.9 


8.5 


11.8 




(antf-KW) 












16.0 




C3H/eB antl-EL4 




46-6 


16.0 


6.2 






(antl-K^D*) 












6.2 


29/2 


C67BU6 anti-YAC 


2 


8.2 






42.0 


(anti-iW) 






47.4 


35.0 








C57BLre antt-PB15 












(anti-K d D d ) 








46.3 








C578U6 anti-ALB 














(antl-tCTJ*) 








29.6 




10.8 




C3H/eB anti-P815 




10.8 


39.5 






(anti-tCD*) 










17.5 




-46/3 


BALB/c anti(EL4 + YAC) 


3 


40.5 








(anti-K^V) 






34.1 








-60/4 


C3H/eB anti(P815 + EL4) 


4 


36.8 








(anti-K^KW) 

















° CTL-target cefl conjugates were formed by mixing 0.2 x 10* PEL with 10 6 fluorescein dtacetate-labeled target tumor 
cells and scored under a fluorescence microscope. 
* Highest value of nonspecific conjugation was subtracted. 
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Targeting of Cytolytic Lymphocytes by Lectins 
and by Antibodies 

The exquisite specificity of CTL-mediated lysis, as best 
demonstrated by MHC restriction ofCTL recognition and 
lysis, can be changed drastically so that CTLs can non- 
specificaUy lyse virtually any target cell. This can be 
achieved (a) in the presence of autogenic plant lectins, 
such as Con A, or PHA [lectin-dependent cytotoxicity 
(LDCQ] (32); (b) if the cells are subjected to mild oxi- 
dation (109) by periodate (I0 4 ~) or by galactose-oxidase 
[oxidation-dependent cytotoxicity (ODCC)]; (c) by cross- 
linking the CTL and the target cell with antibodies against 
the CTL Ti receptor or receptor-associated structures 
such as CD3 (1 10) and even through surrogate target an- 
tibody inserted in the lymphocyte membrane in a mode 
that precludes interaction of the inserted antibody and 
membrane receptors of the effector lymphocyte (111); and 
(d) by cross-linking Fc-bearing cytocidal cells to antibody- 
coated target cells (ADCQ (112). 

Lectins are sugar-binding proteins and strong cell ag- 
glutinins. It is unclear why only certain plant lectins, no- 
tably Con A and PHA, stimulate polyclonal production 
of cytocidal lymphocytes in vitro and mediate CTL-target 
cell interactions, resulting in nonspecific lysis. A putative, 
and unproven, lectm-induced activation step (not involv- 
ing the TcR) following an initial bridging (conjugation) 
step have been proposed as the two signals required and 
delivered by mitogenic lectins in LDCC (113-115). While 
mixed cell aggregates of lymphocyte and target cells can 
be induced by most lectins, only mitogenic lectins appear 
to induce stable and effective CTL-target conjugation and 
lysis (Table 2). Furthermore, pretreatment of the target 
but not of the effector by Con A results in effective cy- 
tolysis (116). Con A functioning as a "bridge" would be 



TABLE 2, Lysis and conjugate formation mediated by 
mitogenic and nonmitogenlc lectins 



Lectin 



Lysis 0 
(%) 



Number of 
conjugates* 



Mitogenic 

Con A {Canavafla enaiformie) 46.0 64 

PHA (Phaseolus vulgaris) 77.0 68 

LCA (Lens cullnaria) 87.0 57 

Nonmitogenlc 

PNA (Arachis hypogaea) 4.3 1.5 

SBA (Gfycin max) 14.0 — 

PWM (potcewead mitogen) 6.2 7.5 

° To measure cytolytic activity, polyclonal ty activated 
splenocytes of DBA/2 origin were reacted with 51 Cr- 
labeled EL4 as targets. Mitogenic lectins were tested at 
2 to 10 |x.g/ml; nonmitogenlc lectins at 20 to 50 \LQlm\. 
CTL/target cell ratio was 10:1. Incubation time was 90 
min at 37*C. 

* To measure conjugate formation, peritoneal exudate 
CTLs were mixed with Irrelevant EL4 or P815 cells (1 x 
10* cells each), centrifuged at 170$ for 10 mln at room 
temperature, resuspended, and the number of conju- 
gates/0.5 til was determined. 



expected to have a bidirectional role, namely, to induce 
lysis by pretreated CTLs as well. Therefore it has been 
proposed that the fundamental mechanism of nonspecific 
recognition and lysis in LDCC may not be simply through 
"bridging" and "activation" of the bridged effector by 
the lectin. Rather it may be analogous to specific CTL- 
target cell interaction (1 16,117). That is, the CTL-Ag re- 
ceptors) complex interacts with the target cell surface 
determinants (including MHC Ag) altered by mitogenic 
lectins (in LDCQ or oxidants (in ODCC) (116-110). 
These modifications of target cell surface determinants 
enable stable, nonspecific conjugate formation ultimately 
leading to lysis (Table 2). The analogy between specific 
and lectin or oxidant-dependent T cell lysis is strength- 
ened by the fact that both LDCC and specific CTL-me- 
diated killing are multiphasic, proceeding through a 
Mg 2 * -dependent conjugation step, Ca 2 * -promoted pro- 
gramming for lysis, and a final killer-ceD-independent tar- 
get cell disintegration stage. Furthermore, both specific 
CTL-mediated killing and antigen nonspecific LDCC or 
ODCC are similarly influenced by metabolic and cyto- 
skeletal inhibitors, as well as by antibodies directed 
against CTLs and target cell surface components involved 
in CTL-target cell interaction (113,115-119). 

Antibody-dependent cellular cytotoxicity (ADCQ has 
traditionally been attributed to "K" cells, macrophages, 
and NK cells, which bind to antibody-coated target cells 
(usually red blood cells) through FcR of the effectors. 
Targeting of cytocidal lymphocytes (both CTLs and NK) 
by antibody against either effector or target cell surface 
determinants is a new, rapidly developing field of con- 
siderable theoretical and practical implication. In specific 
CTL-induced lysis, binding of Ag (or Ag-MHC com- 
plexes) on the target cell by the CTL aft cha ins of the 
heterodimer receptor (TcR) activates the CTL lytic ma- 
chinery. However, Ti or CD3 specific antibodies attached 
to various target cells through their Fc portions and the 
FcR of the target can also trigger the lytic activity of 
CTLs, leading to lysis of the antibody-derivatized target 
(1 10). This reaction probably occurs because of the close 
physical association of Ti and CD3 molecules in the CTL 
membrane, as revealed by cocapping and coprecipitation 
experiments. (Fab'k fragments directed against Ti or CD3 
do not mediate lysis due to physical proximity, since the 
Fc portion of IgG (FcR) is involved in the intercellular 
contact. Ti and CD3 antibody cross-linked to anti-target 
antibody have also been used to dir ect CTLs against cer- 
tain targets. In another system CTL-induced specific lysis 
of an anti-CD3-producing hybridoma cell has been shown. 
These last two findings emphasize the role of H-CD3 
triggering in inducing lymphocyte-mediated cytotoxicity 
and offer new, exciting means for targeting cytocidal cells 
in tumor therapy and virus infection (120-124). 



Quantification of Lymphocyte-Target Cell Intteracftteoi 
Resulting In Conjugate ForcnaJtaa 

The term conjugates refers to clusters of effector lym- 
phocytes firmly bound to target cells (Fig. 2) (53). In the 
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Fl > Sc— ~ 

FIG. & Analysis of lymphocyte-target cell conjugation by flow cytometry. Fluorescein (Fl) labeled 
BALB/c ant!*EL4 PEL* were conjugated with rhodamlne (RdHabeled target bells (EL4). Left: Rd 
versus Fl showing conjugates In the diagonal area and n on conjugated effector and target cells on 
the ordinate*. Right: Fl versus scatter (Sc) showing low Sc particles (FI-PEL); high Sc. low fluo- 
rescence particles (EL4); and large, labeled particle (conjugates). (Adapted from Berke, ret. 125.) 



conjugation method introduced in 1975 (53,97), suspen- 
sions containing CTLs and target cells are cecentrifuged 
at room temperature to induce conjugation. After thor- 
ough yet gentle resuspensk>n f the fraction of lymphocytes 
boun d to target cells is determined in hemacytometers. 
CTL and target cells can be distinguished by size or by 
the use of fluorescent dyes. A similar conjugation tech- 
nique has been applied to NK and T fa cells. To overcome 
the limitations of microscopic scoring of lymphocyte-tar- 
get conjugates such as subjectivity, sizes of populations 
scored, and speed, a cytofluorometic procedure employ- 
ing a fluorescence-activated cell sorter (FACS) has been 
developed (125,126). The method is based on the simul- 
taneous monitoring of single-color fluorescence of either 
prelabeled CTLs or target cells and scatter, or of double- 
color fluorescence of the conjugated effector and target 
cells (Fig. 6). The cytofhiorometric method has been de- 
veloped further to sort out specific CTL-target cell con- 
jugates (49), to score conjugate-forming NK cells, and to 
study single-cell kinetics of lysis . 

Competitive inhibition of CTL- target conjugation, as- 
sessed by monitoring the impact of unlabeled target cells 
on conjugate formation between CTLs and fluorescently 
labeled target cells can be used to evaluate and compare 
cell surface Ags involved in CTL- target cell interaction 
(127). Unlabeled homologous target cells lower the fre- 
quency of fluorescent target cells in conjugation, propor- 
tional to their fraction of the overall target cell population. 
This method has certain advantages over "cold" target 
cell inhibition of NK or CTL-mediated lysis, where re- 
cycling of effectors influences the linearity of inhibition. 

LYMPHOCYTE-MEDIATED CYTOLYSIS 

Assessment of Lyris 

Target cell lysis following interaction with effector cy- 
toctdal cells can be determined by release of incorporated 



radioactive molecules, uptake of dyes which are excluded 
by intact viable cells, or by end-radiolabeling of the re- 
sidual cells. Testing the plating efficiency of target cells 
alter interaction with effectors evaluates both cytocidal 
and cytostatic effects but is seldom used since it is cum- 
bersome. In 1988, Brunner et al. (128) modified the 9k Cr* 
release assay, long employed to measure survival time of 
red blood cells as wen as complement-induced lysis of 
nucleated cells, to measure lymphocyte-mediated cyto- 
lysis. This simple procedure has been used since with vir- 
tually no modification since it correlates well with ceQ lysis 
and can be used to monitor large numbers of samples. 
Once incorporated into cefls (as Na a 5, Cr0 4 ) > sponta- 
neously or actively released 51 Cr is not reincorporated, 
most probably due to changes in the ionic and oxidation 
state of chromium, binding to aminosugars, peptides, and 
other cell constituents. For many target cells, the release 
of the gamma emitter "Cr from prelabeled target cells 
provides a good estimate of their viability, correlating 
quite well with the uptake of trypan blue or eosine dyes. 
With certain target cells, particularly during extended 
lytic assays, high spontaneous release of M Cr complicates 
interpretation of the results, in which instance alternative 
radioisotopic procedures (such as the release of die 
gamma-emitting amino add 7S Sc-selenomethionine or of 
ul Indium) or other procedures to deterrnine target lysis 
must be employed. 

With 5, Cr (isotonic) release assays, percent lysis is 
often calculated as follows: 

(experimental com - spontaneous cpm/total releasable 
cpm - spontaneous cpm) x 100 

Although most of the incorporated 5, Cr binds to releas- 
able low molecular weight cellular components (3 ,000 dal- 
tons and less), about 23% of all that incorporated binds 
tightly to high molecular weight cellular components and 
is nonreleasable even at 100% cell lysis induced by re- 
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peated freeze-thawing or by exposure to detergents or 
acids. Depending on the assay conditions, cell type, and 
assay duration, spontaneous sl Cr release values of 5 to 
25% can be obtained. In addition some of the labeled tar- 
get cells present during lytic assays are not conjugated 
and occasionally spontaneous 51 Cr release due to spon- 
taneous cell death or passive leakage may be substantial 
(up to 25 to 40%). .Hence to compare the lytic activity of 
populations exhibiting different levels of conjugation, it 
is important to know the kinetics of lysis solely attrib- 
utable to effector cells (50). The expression lytic units 
(LUs) is often used to compare the lytic activity of ef- 
fector populations (13). One LU is defined as the number 
of effectors that produce 37% lysis in a unit of time, as 
deduced from lytic data obtained with serially diluted ef- 
fectors. Because the extent of lysis is a function of both 
the concentrations of effectors and of the target, as well 
as of time, the determination and comparisons of LUs 
must be done cautiously. 

Lysis induced by individual effectors conjugated to tar- 
get cells can be assessed directly by a variety of methods 
(review in ref. 129). These include single-cell manipula- 
tion by micropipettes and phase contrast microscopy (98), 
examination of the viability (by dye exclusion) of lym- 
phocyte-target cell conjugates incubated in hemacyto- 
meters or in agar in the presence of eosine or trypan blue, 
or recently, flow cytometry of effector-target cell con- 
jugates (125,126,130). Under conditions minimizing ef- 
fector cell recycling and formation of new CTL-target cell 
interactions, by using, for instance, highly viscous media 
(dextran) (131) or by dilution in excess medium, the num- 
ber of specifically lysed target cells can provide a rough 
estimate of CTL frequencies. 



EPynamfcs cff Lymphocyte-Target Binding, Lysis, 
and Recydfaag 

Lymphocyte-mediated cytolysis is a multistep process 
initiated by the binding (conjugate formation) of an ef- 
fector lymphocyte (CTL or NK) to a target cell, delivery 
of the lethal hit, target cell dissolution, and recycling of 
the effector (Fig. 7) (57,132). Conjugate formation is a 
rapid, receptor-mediated process, promoted by cocentri- 
fugation of effector and target cell mixtures (53). The fact 
that binding is optimal at room temperature, where vir- 
tually no lysis occurs, enables the study of this binding 
stage on its own (132). Dual parameter fluorocytometry 
has been used to demonstrate that conjugate formation 
follows first-order kinetics with a half-time of 1.4 min 
(126). Balk et al (106,107) have demonstrated that CTL- 
target cell binding is an equilibrium process. They have 
also shown the reversal of specific cell-cell adhesion be- 
tween allogeneic CTLs and "Cr-labeled target cells. The 
rate of this reversal appears to depend on the relative 
affinity of the CTLs to the bound versus free target cells. 

Rate of lysis is defined as the number (or density) of 
target ceils lysed by a given number of effectors in a unit 
of time. Depending on the effector-target system em- 
ployed, incubation periods of varying lengths are requ ired 
to detect significant cytotoxicity. For example, CTL can 



usually lyse normal or neoplastic lymphoreticular target 
cells within 1 to 4 hr and even less, whereas fibroblast 
monolayers may require 12 to 24 hr to lyse. Some CTL 
populations (e.g., alloimmune peritoneal exudate) kul 
faster than others and generally the rate of NK-induced 
lysis is slower than that of CTLs. Additional kinetic con- 
siderations are as follows: (a) The rate of lysis induced by 
either CTLs or NK cells is proportional to the concen- 
tration (density) of both effectors and target cells (Fig. 8) 

(57.133) . (b) CTLs can recycle and kill at the same rate 

(98.134) at least two to three times (Table 3), whereas 
functional recycling of NK cells requires reactivation of 
the effectors (135) although evidence for two cycles of 
killing by some NK cells has been presented and there 
may not be a clear distinction between NK cells and CTLs 
in this regard, (c) Some target cells are lysed as early as 
5 to 10 min and others as late as 2 to 3 hr after onset of 
interaction with the effector (conjugate formation), (d) 
There is a short lag phase (5 to 20 min) before initiation 
of "Cr release (13,133). The lag period is not affected by 
increasing the effector/target cell ratio. However, a delay 
in 31 Cr release from target cells has been observed in both 
syngeneic systems (136) and when CTL-induced lysis of 
some target cells (e.g., leukemia EL4 of C57BL/6 mice) 
occurs in the absence of Ca*+ in the medium (137). (e) 
Temperature has a marked effect on both the rates of con- 
jugation and lysis, although maximum conjugation occurs 
at room temperatures at which virtually no lysis is de- 
tected (53,57). Interestingly, lowering the temperature at 
an advanced stage of CTL-target interaction (after the 
delivery of the lethal hit) will completely halt lyais; how- 
ever, this activity will return to its original rate when the 
temperature is returned to 37°C (18,138). These results 
indicate the existence of an intermediate state of a "hit" 
target which is committed to but not fuQy lysed. 



Escape of CTLs from Setf- Annihilation and tire 
Polarity off Lysis 

Considerable evidence shows that effector CTLs are 
not inactivated as a result of deploying their lytic ma- 
chinery, but that they can recycle to participate in a new 
lytic interaction (see Table 3) (98,134). Thus any theory 
on the mechanism of at least CTL-mediated lysis must be 
compatible with the unidirectionality of the killing process 
as well as with the recycling of the effector. This does not 
seem to be the case with human NK cells. Temporary 
loss of human NK activity as a result of interactions with 
the NK-sensitive target K562 has been reported although 
killing activity of the NK population is restored by an IL» 
2-dependent mechanism (135). If the lytic signal is in- 
duced by contact with the effector only and does not in- 
volve secretion of a pore-forming toxin(s) into the inter- 
cellular gap, then obviously CTL self-destruction would 
not occur. On the other hand, .how effector cells would 
avoid self-killing, while deploying a "secreted" lytic pro- 
tein(s), constitutes a dilemma. Hypothetical protective 
mechanisms have been proposed, but supportive evi- 
dence for their existence is not currently available with 
the exception of homologous restriction factor (HRF) de- 
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FKL 7. Lymphocyte-mediated cyto- 
lysis. (From Berke v ret. 54, with per- 
mission.) 



DISINTEGRATION LYSIS 
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CTL RECEPTOR IS) A MHC ANTIGENS OR 

FOR BINDING and LYSIS N MHC+X ANTIGENS 



scribed by MuQer-Eberhard and colleagues. Sparing of 
the effector CTL is a particularly important issue since, 
in 1974. Golstein (139) demonstrated that CTLs are not 
"immune** to attack by snowing that B anti-C CTLs can 
be inactivated (as determined by ability to lyse C target 
cells) when exposed to A anti-B CTLs (Fig. 9). Interest- 
ingly, cloned CTL lines and in vivo primed CTLs appear 
to be more resistant to lysis or inactivation induced by 
CTLs or by lytic granules as opposed to lysis mediated 
by antibody plus C (140-143). 

That CTLs kill only in the direction of (target) recog- 
nition has been deduced from the selective inactivation of 
only B anti-C CTLs during coincubation with A anti-B 
CTLs (Fig. 9) (144), as well as from the refractiveness of 
A anti-B effectors to "reverse" lysis induced by (A x B) 
Fl anti-X effectors upon lysis of X target cells (Fig. 9) 
(145). When studied at the individual conjugate level, uni- 
directional lysis has been observed even during interac- 
tion of mutually immunized CTL populations (A anti-B 
with B anti-A) (146) although at the population level, as 
determined by the 5t Cr-release assay, bidirectional lysis 
is observed. Unidirectional lysis at the population level 
has also been demonstrated in lectin (Con A)-dependent, 



nonspecific killer anti-killer lymphocyto toxicity (116). It 
appears that effector lymphocytes will not express their 
lytic potential unless their Ag specific receptor complex 
is occupied by Ag or triggered by Ti-CD3 antibody and 
will only lyse target cells that are receptor bound (but see 
ref. 111). Although some conflicting findings exist, by* 
stander cells are usually not lysed, nor are cells bound to 
killer cell surface Ag other than the Ti receptors or Ti- 
associated structures such as CD3 (110). However, lysis 
mediated through CD2 recognition has been reported (the 
sheep red blood receptor of T cells) (147). The unidirec- 
tional lysis of A anti-B or B anti-A CTLs in the course 
of A anti-B-B anti-A interaction (Fig. 9) may be the result 
of a head-to- tailtype interaction, possibly due to the 
asymmetric distribution of either CTL surface receptors 
or cytoplasmic constituents or both. Unidirectional lysis 
of such mutually immunized CTLs would also occur if the 
CTL that bound first or more effectively survived the in- 
teraction. When a single CTL is bound simultaneously to 
a number of target cells, the targets are lysed sequentially, 
not simultaneously (148). This finding also supports the 
idea of a focal delivery of the lethal hit. 
In summary, the lytic event in CTL-mediated lysis ap- 
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FIG. a. Time course of lysis of EL4 cells incubated with 
BALB/c antl-6L4 immune peritoneal exudate cells. 
PEL:EL4 indicates effector-to-target cell ratios. (From 
Berke et al., ref. 17, with permission.) 



pears to be contingent upon engagement of the CTL Ti~ 
CD3 receptors) with a relevant target cell MHC complex 
Ag and may actually be mediated either by the receptor 
itself or by associated ceO surface components located 
close by on the membrane or by a secreted component. 
The receptor-Ag interaction could thus result in target 
membrane perturbation leading to lysis, or the killer cell 
receptor could thereby regulate entry into the target of a 
toxic factor or formation of a membrane channel resulting 
in cell death. Third-party and bystander experiments have 
discounted the role of a nonspecific soluble mediator re- 
leased into the macroenvironment around the killer cell. 
However, a soluble mediator released upon receptor ac- 
tivation, active only in the intercellular microenvironment 
and rapidly degraded, thus appearing unidirectional, must 
be considered. 



TABLE 3. Recycling of CTLs: Single-cell analyst* by 
micromanipulation 







Killers* that 


Killers 11 that 






bound a 


ly Sfed a 




Kilters' 


second 


second 


Experiment 


tested 


time 


time 


1 


10 


2 


2 


2 


12 


4 


3 


3 


16 


3 


3 


4 


10 


9 


9 



* BALB/c antt-EL4 peritoneal exudate killers were Iso- 
lated with a microplpette after lysing their conjugated 
EL4 cells, as determined by trypan blue uptake. 

5 Isolated killer cells were placed In contact with intact 
EL4 cells with the aid of a microplpette and tested for 
repeated binding and killing activity. 

Data adapted from Zagury et al. (98). 




* 

F1Q. 9. UnidirectlonaJlty of lysis and the rote of the CTL 
receptor In lysis. A antl-B. B antl-A, B antt-C, and (Ax 
B) Ft antf-X represent specifically immunized CTLs. 'Y. 
HV^Y, represent receptors for C t B, A, and X antigenic 
determinants, respectively. 9. ?. ?. represent B, A, and 
X antigenic determinants, respectively. 



Contact Region of Cytotoxic and Target CeOs 

Electron microscopy of CTL- target cell conjugates has 
revealed extensive interdigitization of the plasma mem** 
branes at the contact region (Fig. 2) (149-151). Formation 
of fingerlike structures at the intercellular contact zone 
has also been observed by microdnematography under 
UV light, of live fluorescein diacetate-labeled CTLs con- 
jugated to Kve unlabeled target cells. Effector cell pro- 
jections involved in conjugation contain a network of fine 
fibrillar material and are devoid of ribosomes, granules, 
and other obvious cellular organelles. The interdigitiza- 
tion suggest s tha t membrane-folding forces are generated 
at zones of CTL- target ceO contact. This is consistent 
with the energy dependence of conjugate formation and 
the requirement of an intact cytoskeletal system{54), un- 
like the binding of antigen to receptor-bearing B lympho- 
cytes which can occur at 4°C and in the presence of azide. 
Immunofluorescence microscopy showed that the CTL 
contact region is enriched with actin but not myosin (152). 
Anti-tubulin immunofluorescence and EM showed that 
CTLs usually bind to target ceils through a membrane 
region proximal to the CTLs* microtubule organizing 
center (MTOQ and centrioies (Fig. 10) (153). A similar 
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FIG. 10- Localization of the mlcrotubule-organlzlng 
center (MTOC) in lymphocyte-target conjugates by 
tubulin antibody. The MTOC of the CTL (arrow) is 
proximal to the area of contact, white the MTOC of the 
target ceil is randomly oriented. Bars represent 10 |&m; 
magnification is 1,200x. (Adapted from Qeiger et ah, 
ref. 153.) 



observation was made later with NK-target cell conju- 
gates (154). It is unclear whether cytoplasmic polarity of 
the MTOC is related to delivery of the lytic signal proper 
or to adhesive properties of the cell membrane adjacent 
to the MTOC, which fever formation of stable intercel- 
lular contacts. Proximity of CTL and NK contact regions 
to the MTOC and centrioles may be related to the general 
role of the centriole in the effector cell movement toward 
the target, once contact occurred. For example, it has 
been shown in motile cells that the centrioles are located 
in front of the nucleus toward the leading edge of the cell 
membrane. The membrane in this area of motile cells ex- 
hibits an increased protrusive and deformations! poten- 
tial, which may render it more compatible to the formation 
of stable intercellular contacts. Another CTL organelle 
found localized in the vicinity of contact regions is the 
Golgi complex (98,155), suggesting but not confirming the 
role of a secretory process in conjugate formation and/or 
target cell lysis or lymphokine secretion. Rearrangement 
of cytoplasmic granules and other ceOular organelles to- 
ward the NK-target cell binding site has also been re- 
ported (156,157). Based on time-lapse cinematography it 
has been suggested, but remains to be shown, that after 
realignment these granules fuse with the membrane and 
their contents are released into the junctional area of die 
effector-target conjugate (158) and then are involved in 
lysis. 



Intercellular Communication: Effector Molecules and 
Secretory Processes in Lyrnphocytotoxklty 

Cell-to-cell communication mediated by intercellular 
channels is common in organized tissues. Formation of 
cytoplasmic junctions between effector lymphocytes and 
target cells, although repeatedly suggested in the past, 



was not observed in ultrastructural and tracer stud- 
ies (149,159). Likewise, freeze-fracture studies did not re- 
veal clear-cut alteration* in the distribution pattern of 
"intramembrane particles" in effector-target contact re- 
gions, suggesting but not proving that intercellular mem- 
brane fusion does not occur. Thus although unique and 
temporary communicating membrane substructures may 
form, failure to detect cornmunicating junctions between 
the CTL and its target or to demonstrate , by EM, effector 
cell granules in the process of fusion strengthens the no- 
tion that at least certain lymphocyte-induced cytocidal in- 
teractions are strictly contactual and do not involve trans- 
fer of material from effector to target through cytoplasmic 
continuity or granule fusion with the membrane. 

The existence of a lytic, or nonlytic, intracellular or 
secreted material of effector cell origin is not sufficient in 
itself to establish its role in lymphocytes inducing lysis. 
However, in recent years, evidence has accumulated sug- 
gesting a Ca 2 * -dependent exocytosis mechanism in at 
least NX-induced and possibly also CFL-induced lysis. 
This evidence includes the following: 

1. Release of proteoglycans from cytoplasmic granules 
of human NK cells during target cell lysis (160) and 
of serine protease(s) during CTL-induced lysis (161). 

2. Rearrangement of the cyto plasm ic granules, orga- 
nelles, MTOC, and Golgi of CTLs during lysis (157). 

3. Very low NK activity in Chedialt-Higashi patients 
and in beige (bg/bg) mice that both possess mutations 
causing abnormal lysosomal structure ( 162) . Inter- 
estingiy, these same beige mice exhibit CTL activ- 
ity, thus showing the existence of two separate types 
of lytic mechanisms (NK cells and CTLs). 

4. Temporary inactivation of NK ceOs (but not of 
CTLs) after lytic contact with target cells (135), sug- 
gesting functional secretion by NK but not CTL. 

5. Reduction of NK (but not CTL) activity by stron- 
tium, known to induce leukocyte degranulation. 



B-260 



LYMPHOCYTE-MEDIATED CYTOLYSIS 



753 



6. Inhibition of NK lytic activity by lysosomotropic 
agents that interfere with lysosomal structure and 
function, such as chJoroquine, NH4CI , as well as by 
drugs (such as Monensm) which affect Golgi-me- 
diated secretion* However, the effects of Monensin 
on CTUNK*mediated lysis are complicated by the 
significant inhibition of CTL- target conjugation (G. 
Berke and D. Rosen, unpublished results) as well as 
by the fact that this drug inhibits vesicle fusion to 
the Oolgi apparatus and probably does not influence 
exocytosis of prepackaged lytic granules as pro- 
posed for NK- and CTL-induced lysis. Furthermore, 
lysis in the absence of Ca** in the medium, a con- 
dition which prohibits granule exocytosis, as well as 
perforin-induced cytolysis has been demonstrated 
(137,163). 



Subcellular and Soluble Cytolytic Factors in Cell- 
Mediated Cytotoxicity 

There are indications for a secretory process in lym- 
phocytotoxicity and several lytic factors have been ob- 
tained from the culture medium of resting or activated 
cytocidal lymphocytes or extracted directly from the 
cells. Cytolytic lymphocytes can produce two different 
types of cytotoxic effector molecules, namely, granule- 
associated proteins that can induce prompt, nonspecific 
cell lysis and other non-granule-associated secreted pro- 
teins that can cause protracted (12 to 24 hr) but selective 
lysis. 



NK Cytotoxic Factorfs) (NKCF) 

This slow-acting factors) is released from murine, rat, 
or human NK cells during their interaction with NK sus- 
ceptible targets. Release of NKCF can also be induced 
by mitogens. Because the factors) retains both the spe- 
cies and target specificity of NK cells, it is believed to be 
involved in target cell lysis mediated by NK cells (Fig. 
11) (164). NKCF is absorbed by susceptible target cells 
through putative NKCF binding receptors, possibly cell 
surface gjycoproteins/glycoiipids. Its internalization ap- 
pears to induce irreversible damage to the target by an 
unknown mechanism, resulting in target lysis without fur- 
ther exposure to NK cells. Clearly more work is required 
to establish the precise molecular nature and function of 
NKCF in NK-induced lysis. 



Lymphotoxin (LT) (TNF-&) 

Activation of B or T lymphocytes with Ags or autogenic 
lectins can lead to production of LT (also called TNF-0), 
a tumor necrosis factor (TNF-a)-like molecule of 171 
amino acids (—18 kd) which can nonspecifically lyse cer- 
tain sensitive target cells (165- 167). However, in vivo (74) 
and in vitro (168) experiments with bystander cells to de- 
tect diffusible effector molecules have indicated that LT 
may not be involved in CTL-mediated lysis. Furthermore, 




FIG. 11* Model proposed for the mechanism of lysis In- 
duced by NK cells. (I) NK recognition structure. (II) NK 
target structure^). (Ill) Stimulating target cell structure. 
(IV) NK receptor. (V) Release of NKCF. (VI) Released 
NKCF. (VII) NKCF binding site. (VIII) NKCF processing. 
(IX) Target cell death. (Adapted from Wright and Bon- 
avida, ret 164) 

LT antibodies which retard LT activity in a delayed-type 
hypersensitivity reaction do not affect CTL-induced lysis 
(168). However, the possibility has not been excluded that 
LT or another lytic product is secreted into the intercell- 
ular space or transferred from CTL to target cells through 
specialized junctions, following specific CTL-target cell 
conjugation. 



Tumor Necrosis Factor (TNF-a) ' 

This toxic factor is found in the' serum of animals in- 
fected with Bacillus Calmette-Ouerin (BCG) and endo- 
toxin (167,169,170). TNF-a is capable of inducing hem- 
orrhagic necrosis of murine tumors, particularly when 
injected into the tumor lesion. It is a nonglycosylated pro- 
tein of 157 amino acid residues (—17 kd). TNF-a is pro- 
duced by macrophages, and macrophage-induced lysis is 
blocked by TNF-a antibodies. Neither TNF-a nor TNF- 
0 antibodies blocks lysis induced by NK cells. TNF-a is 
structurally homologous to LT (TNF-p) and exhibits 30% 
amino acid homology. TNF-a and LT interact with cells 
through a specific class of high-affinity receptors (Kj< 
10~* 10 M), the number of which is increased by interferon. 
Both TNF-a and TNF-p (LT) are cytocidal to only a nar- 
row range of cells, with L929 cells being the most sus- 
ceptible target. 

i 

Lytic Granules, CytofysinJPerforin, 
and Serine Proteases 

NK cells and some but not all CTLs, particularly those 
cultured with IL-2 or responding to stimulation by Ags/ 
mitogens or IL-2, contain defined cytoplasmic granules, 
which have been observed by EM (Fig. 12), isolated, pu- 
rified on Percoll gradient, and analyzed (43,171-173). 
These cytoplasmic granules contain the Ca a * -dependent 
lytic protein(s) perforin/cytolysin, hydrolytic lysosomal 
enzymes, and several distinct serine proteases and pro- 
teoglycans (—200 kd). Ca 2 * -dependent exocytosis of 
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FIO. 12. Electron micrographs of a granular CTL and Its Isolated granules. A: A CTLL-2 celt. Note 
abundance of osmiophilic granules (gr). Bar represents 1 2 |tm. mlt mitochondria 0: Purified grarv 
ules extracted from CTLL-2 cells. Bar represents 526 nm. Electron microscopy by D. Rosen. 



granule content* has been proposed to be involved in tar- 
get cell lysis induced by cytocidal lymphocytes. At least 
one and possibly two proteins of 70 to 75 kd (reduced) 
are present in purifi ed granules extracted from both NK 
cells and some CTLs that contain such granules. They are 
antigentcaDy related to the ninth component of comple- 
ment (C9) (171,174), but unlike C9, cytolysin/perforin in 
itself causes rapid and Ca 1 * -dependent lysis of a variety 
of target cells, including red blood cells as well as nu- 
cleated cells which are NK resistant (175). Both human 
and mouse perforin have been recently cloned, the genes 
exhibiting 30% homology to C9. Cytolysin/perforin induce 
the disintegration of liposomes as determined by rapid 
release of internalized carboxyfluorescein (43). When po- 
lymerized, perforin forms characteristic hollow tubular 
structures (I.D. 150 to 200 A) spanning the membranes of 
the target cells (171). Negatively stained and examined by 
EM, these structures appear as "rings'* embedded in the 
membrane (Figs. 13A and 14). Functional transfer of per- 
forin from granulated effector CTL to target cell has been 
inferred in one report from the immunofluorescence of 
perform antibody applied to CTL-target cell conjugates 
(171). Curiously, the antibodies directed against perforin, 
which effectively block lysis induced by purified p e rforin 
or perforin-containing lytic granules, do not block lysis 
induced by in vivo primed CTLs, hence direct proof for 
the involvement of perforin/cytolysin in CTL-induced 
lysis is lacking. 

A few distinct CTL specific serine esterases have been 
discovered both at the gene and at the protein levels (176- 
179). These include CTLA1 (also termed CCP1 or gran- 
zyme B) and CTLA3 (H factor, granzyme A). Lytic cy- 
toplasmic granules can be extracted from CTL-NK cell 
lines and appear to be the intracelhilaiiy localized storage 
organelle of these enzymes. The enzymes are released 
upon specific CTL- target cell interaction, resulting in 



lysis (179,180), but their role, if any, in inducing lysis is 
as yet unknown (181). Recently we observed transient 
expression of scrine-proteases during primary but not sec- 
ondary CTL response in vivo (Gardyn and Bcrke, un- 
published), suggesting that CTL transiently acquire gran- 
ules containing serine-proteases in the course of their 
primary stimulation, probably under the influence of BL- 
2. Hence protease activity of CTL correlates with their 
stage of differentiation ra ther than cytocidal activity. Two 
newer CTL genes, CTL-A2a and CTL-A^, appear to 
have the pro-region of a cysteine protease whose function 
in inducing killing is also unknown at the present time. 



THE "LETHAL BUT" AND THE 
MECHANISM OP LYSIS 

Early Studies 

Several theories have been proposed for the nature of 
the lethal hit and the mechanism of lymphocyte-induced 
lysis (reviews in refs. 2-4,182-184). The apparent se- 
quential release of cellular constituents from the afTrctrd 
target according to molecular size, combined with the pro- 
tective effects of high molecular weight H^r*n* 
(185,186), supported the theory of small lymphocyte-in- 
duced target membrane damage, ultimately leading to col- 
loidal-osmotic swelling followed by target cell membrane 
rupture (187). Alternatively, the firm adhesion of CTLs 
to target cells was proposed to cause tonyntial shear 
force on the target cell membrane, leading to target ccfl 
damage and lysis (188,189). Yet another theory proposed 
the activation of a membrane-bound phospholipase re- 
sulting in removal of one fatty acid from phosphatidyl- 
choline, thereby causing formation of lysophosphatidyl- 
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FIG. 13. Membrane-bound "ring" structures In immune cytolysis. A: Membranes following lysis 
Induced by hyperimmune serum + complement (BALB/c anti-EL4 serum plus EL4 target cells). 
Typical rings are seen {arrow). Bar represents 43.8 nm (A), 55.5 nm (B). and 47.6 nm (C). B: Mem- 
branes following NK-Jnduced lysis (human peripheral blood LQL plus K562). Typical rings are seen 
(arrow). C: Negatively stained membrane isolated after CTL-induced lysis (BALB/c ant(-€L4 PEL 
plus EL4 target cells). No rings are seen. Electron microscopy by D. Rosen. 



choline (rysolecithin), a strong detergent and a potent cy- 
tolytic agent, capable of destroying the integrity of the 
target cell membrane. Phospholipases generally do not 
attack the phospholipids of intact plasma membranes; 
however, they may cleave membrane phospholipids in the 
presence of membrane-perturbing factors, such as deter- 
gents or a basic snake venom peptide and possibly during 
CTL-target ceO interaction. As plasma membrane frac- 
tions from stimulated lymphocytes were found to iyse tar- 
get cells, it was suggested that physical contact with the 
effector cell membrane in itself may be sufficient to induce 
target lysis. However, linkage between CTL recognition 
and lytic activities, as manifested by lack of lysis of A 
anti-B upon interaction with B anti-C CTLs (144), sug- 
gests that the mere close apposition of CTL and target 
cell membranes, although required, is insufficient to cause 
lysis (Fig. 9). 



Current Studies and Theories 

Due to some common characteristics and the same end 
result (cytolysis), there is a recent tendency to propose a 
commoo iymphocytotoxic mechanism, regardless of the 
effector cell-type involved (43,171 ,190). Such an example 
is the proposed mechanism of lymphocytotoxicity me- 
diated by exocytosis of lytic granules and formation of 
10- to 20-nm pores in the target cell membrane. However, 
the elucidation of certain defined, prelytic events and the 
careful analyses of in vivo primed effector cell populations 
devoid of lytic granules and perforin suggests the exis- 
tence of more than one lytic pathway in lymphocytotox- 
icity (191-194). Furthermore, target lysis induced even 
by granule-containing lymphocytes (CTLs or NK cells) 



can occur in the absence of granule secretion (163,195). 
Interestingly, lytic granules can be indu ced i n highly po- 
tent in vivo primed peritoneal exudate CTLs devoid of 
such granules, upon cultivation in vitro in IL-2 (87,88). 
Taken together, the recent results suggest that either gran- 
ule exocytosis is not involved in inducing lysis, or that 
the effector cells can lyse targets by two different lytic 
mechanisms. Currently, two nonmutually exclusive the- 
ories exist to explain the mechanism whereby various 
CTLs and NK cells induce lysis: (a) that a porc-fonning 
protein(s)» packaged in cytoplasmic granules and secreted 
upon CTL or NK interaction, induces lysis of the target 
(43,171,174) and/or (b) that a transmembrane stimulatory 
signal(s) delivered to the target upon receptor-mediated 
effector-target interaction induces internal disintegration 
of the target (191-194). The two theories, which probably 
apply to different effector cell types, axe schematically 
illustrated in Fig. 14 and are discussed next. 

Granule Exocytosis and Formation of 100- to 200-A 
Pores in the Target Membrane 

This theory (43,171) stems ifrom the observation that 
NK ceils and certain CTLs possess lytic cytoplasmic 
granules and the discovery of complement-like lesions on 
membranes of lysed cells. It has been suggested that tar- 
get ceO binding to a specific NK cell and to certain CTL- 
membrane receptors induces a secretory process in the 
effector cell which results in the contents of the lytic cy- 
toplasmic granules being released. It is these lytic com- 
ponents in the localized environment which have been 
proposed to cause target cell lysis. NK- and CTL-me- 
diated lysis would thus be the end result of perforation of 
target cell membranes. Indeed negative staining electron 
microscopy of lysed targets in some experiments has 
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shown protein-lined transmembrane holes (internal di- 
ameter, I.D. t 100 to 200 A) which appear as membrane- 
bound "rings" (Figs. 13 A3 and 14). They arc believed 
to be structurally and functionally analogous to target cell 
lesions produced by the membrane attack complex of 
complement (Fig. 13A) (171,196). Cytoplasmic granules 
of CTLs and NK cells, which contain the lytic protends) 
perforin/cytolysin (—70 kd), lysosomal enzymes, and 
serine protease(s) activity, have been proposed to be the 
origin of the ring-forming material(s). Ca 3 * has been 
claimed to be necessary for (a) the induction of exocytosis 
of the lytic granules and (b) mducina polymerization of 

the lytic protein perforin (perforin ► polyperfbrin), 

believed to be involved in the perforation of the target 
membrane (see F ig. 1 4, right-hand box). However, the 
demonstration of CTL-induced cytolysis in the absence 
of Ca 2 * (137) would seem to invalidate this mechanism 
and suggest an alternative pathway. 



Effector Cell Triggering of Target Disintegration 
Not Initiated by Pore Formation 

Several observations are not consistent with a single 
mechanism of CTL- and NK-induced lysis, mediated 
solely by perforation of the target cell membrane with 100- 
to 200-A "holes" by effector granule constituents: 

1. Perforin/cytolysin has been detected in nonlytic 
cells, while certain in vivo primed, highly potent 
CTLs derived from the peritoneal cavity of alloinv 
munized mice lack perforin or lytic granules or both, 
and they do not induce complement-like "rings" in 
the lysed target membrane (Fig. 13C) 



(43,88,191,197-199). Also, most cloned CTLs do not 
seem to have detectable perforin (199). 

2. CTL-induced lysis of some target cells can occur in 
the absence of Ca 1 * in the medium (137), a condition 
in which no exocytosis of granule constituents is de- 
monstrable (163,195), and perforin/cytolysin is non- 
lytic to cells since perforin-induced toxicity is 
strictly Ca 2 * -dependent (43). 

3. The prefytic increase in cytosolic Ca a * in target cells 
(137,191) and the disintegration of the target DNA 
into 190-bp units prior to 3I Cr release (194,200,201) 
are difficult to reconcile with a lytic mechanism in*» 
tinted by the formation of "holes M of I.D. 100 to 200 
A in the target membrane I 

4. The release of 51 Cr, nicotinamide, amino isobutyric 
acid, and even **Rb from CTL-damaged target cells 
is temperature dependent and is fully arrested at 7°C 
and even 20°C (18,138), while leakage from damaged 
targets through putative protein-Ened "holes" (I.D. 
10 to 20 nm) should be only minimally affected by 
temperature, if at all. 

5. Antibodies against lytic granules and/or components 
thereof (such as perforin/cytolysin) block lysis in- 
duced by cytolytic granules but not by in vivo primed 
peritoneal exudate CTLs and other CTLs (202). 



The alternative 

In view of these intriguing findings, an alternative lytic 
mechanism must exist. Lymphocyte-induced internal dis- 
integration of the target cell (autolysis) has been suggested 
by some investigators (192,194). We shall now discuss the 
possible nature of such an inductive signal delivered by 



FIG. 14. Schematic Illustration of two currently proposed pathways In lymphocyte-mediated lysis. 
Contactual lysis Inducing self-disintegration ( /err) and granule exocytosis resulting In pore formation 
(right). Killing by contactual lysis (left side of scheme) fa effected by in vivo primed, small to medium 
sized (7 to 10 iun) CTLs devoid of lytic granules and perforin and which exhibit only background 
levels of BLT-esterase activity. These effectors are MHC-restricted, Ti/T3-poaftlve CTLs. In the pres- 
ence of Mg 2 *, these CTLs bind target cells, thus forming conjugates. The CTL.MTOC and Golgi 
complex are oriented toward the contact area, which Is characterized by membrane interdigitatlon. 
Under permissive ion and temperature conditions, a cascade of events is Initiated in the target, 
culminating in zelosis and cytolysis. These include target membrane derangement caused by CTL 
binding, which results In K* efflux (depolarization), and an increase of cytosolic Co 8 * (from external/ 
internal stores). Ca 2 * may be Involved In inducing pretytic DNA degradation, damage to the nucleus 
and mitochondria, activation of ATPases, and ATP depletion, blobbing, and membrane damage 
culminating in zelosis. The effector cell can recycle without reactivation. In the lytic granule exo- 
cytosis pathway (right side of scheme), the killer Is a large (10 to 20 yjn) granular lymphocyte (certain 
CTLs and NK cells). Some of these effectors are Ti/T3+, MHO restricted, while others (including NK 
cells) lyse nonspeciflcalfy. These effector cells are characterized by lytic cytoplasmic granules con- 
taining perforin and BLT-esterase(s). When presented with an appropriate target, the granular ef- 
fector cell undergoes a series of events, similar to those with agranular killers, to form interdigltated 
contact with the target This is followed by external Ca a *-dependent granule exocytosis and release 
of a pore-forming protein(s) (perforin/cytolysin) into the Intercellular gap. The released perforin 
undergoes Ca 2 *-dependent polymerization to form a protein-lined hole (I.D. 100 to 200 A) perfo- 
rating the target cell membrane. These lesions appear as ring-shaped structures in negative-staining 
EM. Other granule and nongranule components [NK cytolytic factor (NKCF), TWF-a, TNF-0J may 
contribute to target lysis. This effector cell type requires reactivation before it can Interact with and 
lyse another target cell. 



B-265 



758 



CHAPTER 27 



the killer and how target lysis is achieved (scheme, Fig. 
14, left-hand side). It has been proposed that CTL-me- 
diated lysis is initiated by multiple submicroscopic mo- 
lecular derangements in the target membrane structure 
(191) upon lymphocyte-target interaction. Membrane de- 
rangements may result from direct contact of the target 
MHC and/or other cell surface determinants with the CTL 
Ti-CD3 complex (Fig. 14, left-hand box) and involve 
other membrane-bound (e.g., CDS or CD4) or secreted 
lymphocyte effector molecules) (192). Under permissive 
temperature and ionic conditions, a multitude of such in- 
tercellular contacts would induce membrane depolariza- 
tion as measured by "Kb* (a K* analog} efflux from the 
target, simultaneously with the delivery of the lethal hit 
(131,203). Subsequent permeability changes observed in 
the target following contact with CTLs probably reflect 
progressively failing ionic pumps, which are only initially 
capable of controlling K* efflux (depolarization) and Na"" 
and Ca 3 * influx through the deranged (depolarized) mem- 
brane. 

The outcome of any low-level chemical, physical, or 
immunological (complement- orCTL-induced) damage to 
targets depends on that cell's ability to compensate for 
and/or repair the damage inflicted. Small perturbations in 
ion fluxes are dealt with by enhanced outward ion, mainly 
Na * and Ca 3 * , pumping activity, energy metabolism, and 
oxygen consumption by the affected cell. Substantial, or 
small but peristent, derangements of the cell membrane 
can exhaust energy resources involved in ion pumping. 
Cessation of outward Na"*" pumping ultimately leads to 
net water influx, colloidal-osmotic cell rupture, and target 
disintegration. On the other hand, the prelytic, postlethal 
hit loss of cellular K* occurs with the concurrent entry 
and accumulation of Na* . Although the transmembrane 
ion concentration gradients are thus dissipated, the intra- 
cellular concentration of colloids (proteins) is still higher 
than that present externally, and the cells thus begin to 
swell slowly. Hence disruption of the Donan equilibrium 
may facilitate net uptake of water, swelling, lysis, and 
release of high molecular weight compounds 
(131^03,204). 



The role of cytosolic Ca* + in inducing 
cellular injury 

The above sequence of events does not account for cer- 
tain prelytic effects (preceding 51 Or release) character- 
istic of lymphocyte-induced cytolysis. These include 
DNA disintegration, cytoplasmic streaming, blebbing, 
and finally "zeiosis" (cell boiling). The prelytic elevation 
of cytosolic (and probably nuclear) Ca 2 "" levels (which 
can be detected within minutes of lymphocyte- target cell 
interaction) has been suggested to be an essential prelytic 
event, inducing internal disintegration processes in the 
target cell which culminate in zeiosis (137,191,192). In- 
crease in Ca 2 * may contribute to DNA fragmentation 
(194,200), through triggering of Ca 2 * -dependent topoiso- 
merases and nucleases, which induce uncoiling and frag- 
mentation of the DNA, respectively. Target cell protease 
activity induced or enhanced by Ca***" could damage cy- 



toskeletal elements resulting in bleb formation (205) and 
finally zeiosis, Mitochondria were shown to be one of the 
first cellular organelles affected in the course of lympho- 
cyte-mediated cytolysis. Energy production by mito- 
chondria could be suppressed by Ca 3 * -induced damage 
to mitochondrial structure/function, affecting generation 
of ATP and thus the function of ATP-fueled ion pumps. 
Ca 2 * enhancement of phospholipase activity may induce 
damage to the plasma and internal membranes. Ca 3 * ac- 
tivation of major cellular ATPases, such as actomyoain, 
could lead to massive ATP and phosphocreatine deple- 
tion, further suppressing Na*flC*-ATPase (sodium 
pump) activity, already compromised by the depolarized 
membrane and decreased mitochondrial ATP production 
(191,192). 

IL-2-IIndnced Acquisition of Cytoddal Granules, BLT- 
Esterase and Perforin mRNA by Lymphocytes and && 
Two Pathways of Lymphocytotozkity 

The demonstration of complement-like "holes** (LD. 
100 to 200 A) on membranes of targets lysed by effector 
lymphocytes and of lytic granules and perforins, in certain 
cytocidal lymphocytes (immature CTL in vivo, LGL or 
CTL cultured in IL~2), led to the suggested mechanism 
of lytic granule exocytosis and a common terminal step 
in lymphocyte and complement-induced lysis. However, 
neither the formation of complement-like "rings" in tar- 
gets were caused by, nor have lytic granules, perforin/ 
cytolysin, or serine esterases been found in either highly 
potent, mature peritoneal exudate CTLs (day 1 1 after pri- 
mary or day 5 after secondary immunization), in cytocidal 
hybridomas generated from them (PEL hytnidomas), or 
in a number of other CTL lines (88,197,198). We have 
recently found that upon incubation in vitro in the pres- 
ence of DL-2, the small in vivo primed cytolytic PELs 
transform into large, dividing cytolytic T cells (PEL- 
blasts), which express authentic PEL specificity in short- 
term lytic assays (87,88). PEL-blasts, in contrast to the 
small in vivo primed PELs, possess massive quantities of 
lytic granules (Fig. 1), serine esterase activity (Table 4) 



TABLE 4. Expression of protease (BLT~esterase) 
activity in various CTL 





BLT-esterase 


Cells 


activity 0 


CTLL-2 (IL-2 dependent In vitro) 


6.00 


PEL-CTL (4 days after in vivo priming) 4 


0.540 


PEL-CTL (11 days after In vivo priming) 


0.228 


PEL-CTL (5 days after in vivo priming) 


0.019 


PEL-CTL hybridoma 


0.056 


PEL-Blasts (IL-2 dependent, in vitro) 


6.8-47.0* 


Normal spleen 


0.222 


EL4 leukemia 


0.220 


P815 leukemia 


0.388 


L1 210 leukemia 


0.018 



" OD 412 nm/1 x 10* colls/15 min. 
b Various cultures. 

° Transient expression of BLT-esterase during primary 
but not secondary PEL-response (Gardyn and Berke, In 
preparation). 
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Granule exocytosis 
Chemotactic factor »• leucocytosis 
Proteinases ^extravasation/migration 
Lytic factor (a) non-specific tysia 
1°-Response Others 



• • • 




IL-2 Activated 

o •Lysosomal granules TIL Or PEL-blaStS 

• -BLT-esterase/cytorysin 

FIQ. 15. The function of granules in lymphocyte activation modulation by IL-2. 



and perforin mRNA (Berke, Podack and Lowry, in prepa- 
ration). IL-2 also appears to modulate the expression of 
BLT-esterase and cytoplasmic granules in the course of 
CTL differentiation (Fig. 15), as we have found transient 
expression of BLT-esterase activity during primary CTL 
differentiation in the peritoneal cavity (Gardyn and Berke 
unpublished). Hence, granule and protease expression in 
CTL correlates with their stage of differentiation rather 
than cytocidal activity. Granules may play a role in CTL 
trafficking and in response to antigen, as well as in the 
elimination of responding cells. The proposed mecha- 
nisms involving exocytosis of lytic granules may apply to 
killing induced by granule-containing effectors , such as 
LGLs and CTL cultured in IL-2, but not mature granule- 
free CTL such as PEL (Fig. 5). Thus there appear to be 
two distinct pathways of lymphocytotoxicity , only one of 
which involves secretory lytic granules. 
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20 beseichnet verden fsiehe Uebereichtsarbeiten 2 und 3, rur 

l n iBe be8lt " ™ ^"-ende oder cvtotoxische 
Wirkung auf exne Relhe von Tumoral l-Linien [2 . 3 ] 
m B «Uect die Proliferation .on Pibcoblaeten und 'die 

zellen [4.5. 6J. induziect Adhasionsmolelcule i n 

En^o^ 1 " 11 " elne inhibi ««^e W lc , ung aU f 

Endo hel aua I7.8.9.X0J. i„ hibiect dle 3ynthe8e ^ 

30 E T en l0 Adlp °^ ten ^ — in-»«l.« die 

ra'torel L T W " den eine """"i" von andecen 

ra\to n til ?'° h ««-kt. .it andecen 

35 - • ■ - • ... _. 

AB/12.9.89 
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TOP ist bel einet Reihe voa pathologiechen Zuatanden 
beispielaweise Schockzuatanden bei Meningoeoccen-Sepsia ' 
C17J. bel der Entwicklung von Autoimmuo-Glomeculonephc itis 
bei Mauaen [lflJ oder bel cecebcalec Malaria bei Mauaen fl9) 
«nd beim Menachen f 4lJ invoiviert. Ganz allgemein acheinen 
die toxiachen Wlrkungen von Endotoxin dutch TNF vecmitteit 
*U sein [20 J. weiterhin kann TNF wie Intecleukin-i Fiebec 
aualoeen f39J. au£ Gcund dec pieiotcopen funktlonel ien 
Eigenechaften von tnf kann man annehmen. dase tnf in 
Wecheelwickung mit andecen Cytokinen bel einet ganzen Reihe 
weitecer pathologiacher Zuetande ala Mediator von 
lamunantwoct. Entztlndun, odec andeten Pcozeeeen beteiligt 

15 Dieee blologiachen ECfekte wecden dutch tnf Ubet 

spezifiache Rezeptoten vetmitteit. wobei nach heutigem 
Wiaeenaatand aowohl TNF« wie TKF8 an die gleichen 
Rezeptoten blnden [«,. verachledene Zelitypen untetschelden 
eich In det Anzahl von TNF-Rezeptoten C22.23.24J. Soiche 
ganz allgemein geaptochen TNF-bindenden Pcoteine (TNF-BP) 
wutden dutch kovalente Blndung an tadioaktlv matkiettea TNF 
nachgewleeen [24-29J. wobei die folgendea acheinbaren 
Moiekulatgewlchte dec ethaltenen TNF/TNF-BP-Komplejce 
etmittelt wutden: 95/100 kD und 75 kD f 24]. 95 kD und 75 kD 
C25J. 138 kD. 90 kD. 75 kD und 54 kD [26]. XOOtS kD f27j ^ 
97 kD und 70 kD f28J und 145 kD [29] . Mittels 

antl-TNF-Antlkotpet-lmmunoaffinitatachtomatogtaphie und 
prapacativec SDS-Poljractylamidgelelektcophoceae (SDS-PAGE) 
konnte ein aolchet TNF/TNF-BP-Koaplex laoliect wecden f27] 

30 III liy tlV * SPaltU ° 9 die " 8 K ° nPleJCeS Uttd anachlieaaende' 

17* ^f^ 1 "* eC9a5 0eh " Ce Banden ' dU nicht 
auf TNP-B.ndeaktivitat geteatet wutden. Da die apezifiachen 
Bedrngungen. die zu det Spaltung dea Komplexea vetwendet 
wecden n( laeen. zur Inaktivietung dea Bindepcoteina fUhten 
35 £31 J. ist letztetea auch nicht moglich geweaen Die 

Anteichetun, von laaiichen tnf-bp aua dem humanen Setum odec 
Utm mltcela Ionenaustauachec-chcomatogcaphie und 



20 



25 



Oelfiltration (Molekuiacgewichte in Beceich von so kD) wucde 
von oleeen et al. beachcieben T30J. 

Bcockhaua et al. [32J echielten durcn 
TNFa-Ligandenaffinitatachcomatogcaphie und hplc aua 
Membcanextcakten von HL60-Zellen elne angeceichecte 
TNP-BP-Ptapacacion. die wiedecum als Antigenpcapacation zuc 
Hecstellung von monoklonalen Antlkocpeen gegen tnf-bp 
vecwendet wucde. Unter Vecwendung eines eolchen 
immobiliaiecten Antikdrpera ( Immunaf Cinitatachcoraatogea- 
phie) wucde mitteia TNFa-Ligandenaf f initata- 
chcomatogcaphie und hplc von Loetachec und Brockhaua f3lj 
aua einen Membcanextcakt von humanec Placenta eine 
angeceichecte Ptaparation von TNF-BP echalten. die in dec 
SDS-PAGE-Analyae eine atacke bceite Bande bei 35 kD. eine 
achwache Bande bei etwa 40 kO und eine sehr achwache Bande 
im Beceich zwiachen 55 kD und 60 kD ecgab. la Ubcigen zeigte 
da8 Gel im Beceich von 33 kD bia 40 kD einen 
Pcoteinhlntecgcundachmiec. Die Bedeutung dec bo echaitenen 
Pcoteinbanden wac jedoch im Hinblick auf die Hetecogenitat 
dea vecwendeten Auagangematec iaia (Placenta-Gewebe; 
veceinigtea Matecial aua mehcecen Placenten) nicht klac. 

Gegenatand dec vocliegenden Ecfindung sind nichtldaliche 
Pcoteine und lflsliche odec nichtlfialiche Pcagraente davon. 
die TNF binden (TNF-BP). in homogeriec Focm, aowie deren 
phyaiologiach vectcaglicfce Salze. Bevoczugt sind aolche 
Pcoteine. die gemaas SDS-PAGE untec nicht ceduziecenden 
Bedingungen ducch acheinbace Molekulargewichte von etwa 55 
kD. 51 kD. 38 kD, 36 kD und 34 kD bzw. 75 kD und 65 kD 
chacakteciaiect aind. inabeeondeca aolche mit etwa 55 kD und 
75 kD. Weitechin bevoczugt aind aolche Pcoteine. die ducch 
wenigatena eine dec beiden Arainosaucetei lsequenzen 
gekennzeichnet aind: 

Leu-Val-Pco-HiB-Leu-Giv-Aap-Rrg-Glu-Lya-Acg-Aap-sec-Val- 
Cya-Pco-Gln-Gly-Lya-Tyc-Ile-His-Pco-Gln-X-Aan-Sec-ile 



(I) 



- 4 - 

Leu-Pco-Ala-Gln-Val-Ala-Fhe-X-Pco-T^r-Ala-Pco-Glu-Pco- 
Giy 



wobei X etlc einen Aminosaucecest stent, dec nicbt 
eindeutig bestimmt warden konnte. 



(II) 



Im Stand der Technik aind beceits TNF-BP durch eine 
N-tecminale Teilsequenz charaktecisiect wocden [Eucopaische 

10 Patentanmeldung mit dec Publikations-Nr . 308 378 J, wobei 
sicb diese Sequenz von dec ecfindungsgemassen N-tecminalen 
Teilsequenz gemass Focmel (I) untecscheidet - Im tibcigen 
handelt ee sicti abec bei den im stand dec Technik 
beschr iebenen TNF-Bi ndepco te inen urn aus dem Urin isoliecte. 

15 Ideliche, d.h. nicht membcangebundene, TNF-BP und nicht urn 
membcangebundene, d.b* unlttsliche, TNF-BP . 

Gegenstand dec vocliegenden Anmeldung aind auch 
Verfahren zur Isolierung dec er f indungsgemSssen TNF-BP. 

20 Oiese Vecfahcen sind daduccfc chacaktec isiect , dass man im 
wesentlichen die folgenden Heinigungsschcitte nacheinandec 
auaCUhct: Hecstellung einea Zeil- odec Gewebeextraktes, 
Immunaf £ initatschcomatogeaphie und/odec ein- odec mehcfache 
Ligandena££ initatschcomatogeaphie, hochauf Idaende 

25 Fltlssigkeitschcomatogcaphie (HPLC) und pcapacative 
SDS-Polyaccylamidgelelektcophocese (SDS-FAGE). Die 
Kombination dec aus dem Stand dec Technik bekannten 
einzelnen Reinigungsschcitte iat £Uc den Ec£olg des 
ecfindungsgemassen Verfahcens essentiell, wobei einzelne 

30 Schcitte im Rahroen dec zu idsenden Aufgabe modif iziect/ 

vetbessect wucden. So wucde beiapielaweise der ucsprtinglich 
£Ue die Anreichecung von TNF-BP aus humanec Placenta [31] 
vecwendete kombinierte Immunaf £ inita tschroma tographie/ 
TNFa-Ligandena£f inita tschroma tographie- Schritt dadurch 

35 abgeandect, dass eine BSA-Sepharose 4B-Vorsaule vecwendet 
wucde. Diese Vorsaule wucde zum Auftcag des Zeil- odec 
Membcanextcaktes in Reihe mit dec Immunaff ini tatssSule und 

gefolgt von dec Ligandenaf £ ini tatssaule geschaltet. Nach 
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Auftrag des Extraktea wurden die beiden zuletztgenannten 
SMulen abgekoppelt, jede fttc aich eluiect und die 
TNF-BP-aktiven Fraktionen wurden nochmale uber eine 
Ligandenaffinitateaauie gereinigt. Erf indungawesentlich fur 
die DurchfUhrung dee Umkehrphaaen-HPLC-schrittea iat die 
Vetwendung einea Detecgene-haltigen Laaungamittelgemiachee. 

Gegenatand dec vocllegenden Erfindung aind auch 
pharmazeutische Praparate. die wenigatene eines dieaer 
TNF-BP oder Fragment* davon. gewtlnachtenf alia in Verbindung 
nut weiteren pharmazeutiach wirkaamen Substanzen und/oder 
nicht-toxiachen. inerten. therapeutiach vectcaglichen 
Tragecmacecialien enthalcen. 



15 pie vorliegende Erfindung betrifet achlieaalich die 

Verwendung aolcher TNF-BP eineraeita zur Heratellung 
pharmazeutiecher Praparate bzv. andererseita zur Behandlun, 
von Krankheiten. bevorzugt aolchen. in deren verlauf TNF 
involviert iat. 

20 

Aueganematerial fllr die erf indungagemaaaen tnp-bp aind 
ganz allgemein Zeilen. die aolche TNF-BP in 
membrangebundener Form enthalten und die dem Fachmann ohne 
Beechrankungen allgemein zugangllch aind. wie beiapielaweiae 

25 HL6D- [ATCC Nr. CCL 240j. U 937- [ATCC Nr. CHL 1S93J. 

SW 480- [ATCC Nr. CCL 228 j und HBp2-ZeHen [ATCC Nr. CCL 
23] . Dieae Zeilen kennen nach bekannten Methoden dee standee 
der Technik kultiviert werden [40]. TNF-BP konnen dann nach 
bekannten Methoden dee standee der Technik mitteia 

30 geeigneter Detergenzien. beiapielaweiae Triton X-114. i-o_n- 
octyl-a-o-glucopyranoaid (Octy Igiucoaid) . oder 3- [ < 3 'cholyl- 
amidopcopyD-dimethyiamnonioJ-i-pcopan aulfonat (CHAPS) l. 
beaondeten mitteia Triton X-100. aus den aua dem Medium 
abzentrifugierten und gewaschenen Zeilen extrahiert werden 

35 zum Nachwfeia aolcher TNF-BP kShnen die ublicneTweTae 

verwendeten Nachweiamethoden fur TNF-BP. beiapielaweiae eine 
Polyeth/lenglykol-induzierte Failung des 125 i-tnf/tnf-bp- 
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Komplexee [27 J, im beeonderen Filterbindungateete mlt 
cadioaktiv markiertera TOP gemdaa Beispiel 1. verwendet 
werden. zur Gewinnung der erf indungagenUiaaen TNF-BP kdnnen 
die generell zur Reinigung von Proteinen, inabeaondere von 
Membranproteinen. vecwendeten Methoden dee Standes der 
Technik, wie belspielsweise Ionenauatauech-Chromatographie. 
Gelf titration. Af f ini tatachromatogcaphie, HPLC und SDS-PAGE 
verwendet werden. Beaondera bevorzugte Methoden zur 
Herstellung erf indungagemdaeer TNF-BP aind 
Aff initatechromatographie. inabeaondere mit TNP-a ale 
Liganden und Immunaf f initatachromatographie, HPLC und 
SDS-PAGE. Die Elution von mitteia SDS-PAGE auf getrennten 
TNF-BP Banden kann nach bekannten Methodea der Proteinchemie 
erfoigen. beiapieiaweiae mitteia Elektroelut ion nach 
Hunkapilier et aU C34], wobei nach heutigem stand dea 
Wiaaena die dort angegebenen Elektro-Dialyaezei ten generell 
zu verdoppeln aind. Danach noch verbleibende Spuren von SOS 
kdnnen dann gemmae Bosaerhoff et al. [50J entfernt werden. 

Die ao gereinigten TNF-BP kdnnen mitteia der im stand 
der Technik bekannten Methoden der Feptidchemie. wie 
beiapieiaweiae N-terminale Aminoadureaequenzierung oder 
enzymatieche wie chemiache Peptidapaltung charakter iaier t 
werden. Durch enzymatieche oder chemiache Spaltung erhaltene 
Fragmente kdnnen nach gangigen Methoden. wie beiapieiaweiae 
HPLC. aufgetrennt und selbat wieder N-terainal aequenziert 
warden. Solche Fcagmente. die aelbet noch TNF binden. kdnnen 
mitteia der obengenannten Nachweiamethoden fUr TNF-BP 
identifiziert werden und aind ebenfalla Gegenstand der 
vorliegenden Erfindung. 

Auagehend von der ao erhaitlichen 
Aminoaaureaequenzinformation kdnnen unter Beachtung der 
Degeneration dea genetiachen Codea nach im Stand der Technik 
bekannten Methoden geeignete Oligonukleotide hergeeteilt 
werden (51J. Mitteia dieaer kdnnen dann wiederum nach 
bekannten Methoden der Molekulacbio logie (42, 43 J cDNA- odec 



genomische DNA-Banken nach Klonen. die fttr TNF-BP kodierende 
Nukleinsauresequenzen enthalten, abgesucht werden. 
DNA-StUcke solchet sequenzen kdnnen dann wiederum nach 
bekannten Methoden sequenziert odec in geeigneten 
Expressionsvektoren zuc Expression in dazu passenden 
Wirtszellen gebracht warden. Die so erhaltenen TNF-BP kSnnen 
dann nach ganglgen Methoden des Standee der Technik aus den 
Wictszellen selbet isoliert werden. Aussecdem kdnnen aittele 
der Poiymerase-Kettenreaktion (PCR) [49] cDNA-Fragmente 
kloniect werden, indem von zwei aueeinander liegenden, 
celativ kurzen Abschnitten dec AminosMuresequenz unter 
Beachtung des genetischen Codes vollstandig degenerierte und 
in ihrer Kompiementaci tat geeignete Oligonucleotide als 
"Primer" eingesetzt werden. wodurch das zwischen diesen 
beiden Sequenzen llegende Fragment icjentif iziect und 
amplifiziert wird. Die Bestimmung der Basensequenz eines 
derartigen Fragmentes ermdglicht eine unabhangige Bestimmung 
dec Aminosaure-sequenz des Proteinf ragments fUr das es 
kodiert . 

Die erf indungsgemass echaltenen TNF-BP kBnnen auch als 
Antigene zur Erzeugung von poly- und monoklonalen 
AntikSrpern nach bekannten Methoden der Technik f44.45] oder 
gemass dem in Beispiel 3 beschr iebenen Vecfahren verweadet 
werden. Soiche AntikSrper. insbesondere monoklonale 
Antikttrper gegen die 75 fcD-TNF-BP-Speziea, sind ebenfalls 
Gegenstand der voc liegenden Erfindung. 

Auf Grund dec hohen Bindungsaf f ini tat erf indungsgemasser 
TNF-BP fUc TNF (Kj-Werte urn XO- 10 M) kdnnen diese Oder 
Fragmente davon als Diagnostika zum Nachweis von TNF in 
Serum oder anderen Kdrperf iUssigkeiten nach im Stand der 
Technik bekannten Methoden. beispielsweise in 
Festphasenbindungstests oder in Verbindung mit Anti-TNF-BP- 
Aht ike r"p"e r rf~ Tn * soge na n n te IT"" S 'and w ic* h" -~Te s ts~~e ihgeset z t" 
werden. 



im ttbrigen kdnnen erf indungsgemasee TNF-BP eineraeite 
zur Reinigung von TNF uad andereraeita zum Auff inden von 
TNF-Agoniaten bo vie TNF-Antagoniaten nach im stand der 
Technik bekannten Verfahren vervendet wecden. 

Die erf indungsgemaaaen TNF-BP sovie deeen phyaiologiacb 
vertragliche Salze kdnnen auch zur Heratellung voa 
pharmazeutiacaen Praparaten. vor a Hem aolchen zur 
Behandlung voa Krankheiten. bei deren Verlauf TNF involvtert 
iat. verwendet warden. Dazu kann eine Oder mehrere der 
genanncen Verbindungen. falls wtlnac he newer t bzw. 
erforderlich in Verbindung mit anderen pharma2eutiech 
aktiven Subetanzen. mit den Ubiicherweiae verwendeten featen 
Oder fltiaaigen Tragermaterialien in bekannter Heise 
verarbeitet werden. Die Dosierung solcher Praparate kann 
unter BerUcksichtigung der Ubiichen Kriterlen In Analogie zu 
bereita verwendeten Praparaten ahnlicher Aktivitat und 
struktur erfolgen. 

Nachdem die Erfindung voratehend allgemein beachrieben 
worden iat. sollen die folgenden Beiapiele Binzelheiten der 
Erfindung veranachaullchen. ohne daaa diese dadurch in 
irgendelner Weiae elngeschrankt wird. 

Beiaolel i 

Nachwei s von TNF-bindenden Protelnen 

Die TNF-BP wurden in elnem Filterteat mit humaneo 
radiojodiertem I-TNF nachgewieaen. TNF (46.47) wurde 
mit Na I (IMS40, Ameraham, Ameraham. England) und 
Iodo-Gen (»2B600. Pierce Eurochemie. Oud-Bei jerland. 
Niederlande) nach Fraker und Speck [48J radioaktiv makiert. 
Zum Nachweie der TNF-BP wurden iaolierte Membranen der 
Zeilen oder ihre solubilisier ten. angereicherten und 
gereinigten Fraktionen auf angef euchtete 
Nitrocelluloae-Filter (0.45 u. BioBad. Richmond. 
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California, USA) aufgecragen. Die Filter wurden dann in 
Puf ferlosung nit 1* entfettetem Milchpulver bloclciert and 
anschliessend mit 5»lo 5 cpm/ml I25 l-TNPa 
(0.3-i.o»xo 8 cpm/ug) in zwei Ansltzen mit und ohne 
Beigabe von 5ug/ml nicht-markiertem TNFa inkubiert. 
gewaacben und luf tgetrocknet . Die gebundene Radioaktivitat 
wurde autoradiographies semiquantitativ nachgewiesen Oder 
in^einem y -Counter gezahlt. Die spezifische 

I-TNF-Blndung wurde nach Korcektur far unspezif ische 
Bindung in Anwesenheit von unmarkiertem TNF im Ueberechuse 
ermittelt. Die apezif ische TNF-Bindung in Fiitectest wurde 
bei verschiedenen TNF-Konzentrationen gemessen und nacb 
Scatchard^analyaiert [33J. wobei ein Kj-wert von 
~10~ -10" m ermittelt wurde. 

BeiBpiel 2 
Zellextrakte von HL-6Q-zei i on 



HL60 Zellen [ATCC-Nr. CCL 240] wurden in einem rpmi 
1640-Mediutu [QIBCO-Katalog Nr. 074-oisooj. das noch 2 g/l 
NaHC0 3 und 5^ fQtales icaiberserum enthieit in einer 
5%-igen CC^-Atraosphare kultiviert. zentrif ugiect und mit 
leotonem Phosphatpuf f er (PBS; 0.2 g/l KC1, 0 .2 g/l 
KH 2 P0 4 . a.O g/l NaCl. 2.16 g/l Na 2 HP0 4 • 7H 0), 
der mit 5* Dimethylf ormamid. 10 mM Benzamidin, 100 E/ml 
Aprotinin. 10 uM Leupeptin. 1 vm Pepstatin. 1 mM 
o-Phenanthrolin. 5 mM Jodacetamid, 1 mM 

Phenvlmethyleulfonylfluorid versetzt war (im folgenden als 
30 PBS-M bezeichnet). gewaachen. Die gewaschenen Zellen wurden 
bei einer Dichte von 2.5.10 8 Zellen/ml in PBS-M mit 
Triton x-ioo (Endkonzentration 1.0%) extrahiert. Der 
Zellextrakt wurde durch Zentrif ugation gekiart (15-000 x g. 
I Stunde; 100 '000 x g. 1 stunde). 
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Beisplel 3 

Herstellunq yon mon oklonalen f TNF-BP) -Anti kflr pgr n 

Dec qem&BQ Beispiel 2 erhaltene Zentrif ugationstiberstand 
wurde in Verhiltnis l:io rait PBS verdttnnt. Doc verdttrmte 
Ueberstand wurde bet 4»c auf eine Siiule aufgetragen 
(Flussrate: 0.2 ml/rain.), die 2 ml Affigel 10 enthielt (Bio 
Had Katalog Nr. 153-6099) an das 20 mg rekombinantes humanes 
TNP-a [Pennica. D. et ai. (1984) Nature 312, 724; Shirai. 
T. et al. (1985) Nature 313, 803; Wang. A.M. et al. (1985) 
Science 228, 149) gem£ss den Empf ehlungen des Herstellecs 1 
gekoppelt worden war. Die saule wurde bei 4°C und einer 
Durchf lusecate von 1 ml/min zuecst mit 20 ml pbs, das 0.1% 
15 Triton X 114 enthielt und danach mit 20 ml PBS gewaschen. So 
angereichertes TNF-BP wurde bei 22«C und einec Flussrate von 
2 ml/min mit 4 ml loo mM Giycin. P H 2.8. 0.1% Decyimaltosid 
eluiert. Daa Eluat wurde in einer Centricon 30 Einheit 
[AmiconJ auf 10 ul konzentrier t . 

20 

10 ul dieses Eiuates wurden mit 20 ul vol IstSndigem 
Freundschen Adjuvans gemischt. 10 ul dec Emulsion wurden 
gemass dem von Hotradahl. R. et al. ((1985), j. Immunol. 
Methods 83,, 379J beschriebenen Verfahren an den Tagen 0. 7 
25 und 12 in eine hintere Fusapfote einer narkotisierten ^ 
Balb/c-Maus injiziert . 

Am Tag 14 wurde die immunisierte Maus getStet und dec 
popliteale Lymphknoten herausgenommen, 2erkleinert und in 

30 lecove's Medium (IMEM. CISCO Katalog Nr. 074-2200), das 
2 g/1 NaHC0 3 enthielt, durch wiederholtes Pipettieren 
suspendiert. Geraass einem modif izierten Verfahren von De 
St.Groth und Scheidegger (J. Immunol. Methods (1980), 15. ij 
wurden 5xio Zellen des Lymphknotens mit 5xl0 7 PAl Maus- 

35 Myelomazellen (J.w. Stocker et al.. Research Disclosure. 
217. Mai 1982. 155-157). die sich in logar i thmiachem 
Wachstum befanden. fusioniert. Die Zellen wurden gemiecht. 
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dutch Zenttifugation gesammeit und dutch leichtes Schtttteln 
in 2 ml 50* (v/v) Polyethylenglycol in imkm beL 
Raumtempetatut tesuspendiett und dutch langsame Zugabe von 
10 ml I MEM wahtend 10 Minuten vocsichtigen SchUttelns 

5 vetdttnnt- Die Zellen wutden dutch Zentt ifugation gesammeit 
und in 200 ml vollstandigem Medium [ I MEM + 20* f Stales 
Kaibetserum, Olutamin (2.0 mM). 2-Metcaptoethanol 
(100 uM>, 100 uM Hypoxanthine. 0.4 uM Aminoptetine und 
16 \iM Thymidine .(HAT) J tesuspendiett . Die Suspension wutde 

10 auf 10 Qewebekultutschalen. die Jewells 96 Vettiefungen 
enthielten. vetteilt und ohne Wechsel des Mediums bei 37-c 
in einet Atmosphate von 5% C0 2 und einet Luf tf euchtigkeit 
von 98% 11 Tage iang inkubiett. 

15 Die Antikfltpet zeichnen sich aus dutch ihte inhibietende 

Witkung auf die TNF-Bindung an HL60-Zellen sowie dutch ihte 
Bindung an Antigen im Filtettest gemass Beispiel 1. 

Zum Nachweis det biologischen Aktivitat von anti- 
20 (TNF-BP)-Antikdtpetn wutde f olgendetmassen verfahten. 

5x10 HL60-zeilen odet U937-Zeilen wutden in vol istandigem 
RPMI 1640 Medium zusammen mit af f initatsgeteinigten 
monoklonalen anti-(TNF-BP)-Ant ikStpetn odet 
Konttollantikdtpetn (d.h. solchen. die nicht gegen TNF-BP 
25 getichtet sind) in einem Konzenttat ionsbeteich von 

1 ng/ml bis 10 ug/ml inkubiett. Nach einet Stunde 
inkubation bei 37°C wutden die Zellen dutch Zentt if ugat ion 
gesammeit und mit 4.5 ml PBS bei o°C gewaschen. sie wutden 
in 1 ml vol latandigem RPMI 1640 Medium (Beispiel 2), das 

30 zusatzlich 0.1% Nattiumazid und 125 I-TNF (lo 6 cpm/ral) 
(s.o.) enthielt, tesuspendiet t . Die spezifische 
Radioaktivitat bettug 700 Ci/mmol. Die Zellen wutden 

2 Stunden bei 4-C inkubiett, gesammeit und 4 mal mit 4.5 ml 
PBS das 1% BSA und 0.001% Ttiton x 100 (Fluka) enthielt bei 

35 "O-C gewaschen Fie ^TiT^eTlen~ge^ 

wutde in einem y-Scint illationezahlet gemeesen. in einem 
vetgleichbaten Expetiment wutde die zel lgebundene 
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Radioaktivitat von Zellen, die nlcht mit anti-(TNF-BP)- 
Antikdcpern behandelt worden waren, beetlmmt (ungefShr 
10 000 cpm/SxiO 6 Zellen). 

Beispiel 4 

At t inltatgchromatoaraphle 

Ftir die weitece Reinigung wurden jeweils ein gemdss 
Beispiel 3 erhaltener monoklonaler anti-(TNF-BP)-Antikdrper 
(2,8 mg/ml Gel), TNFa (3.0 mg/ml Gel) und 
Rindetserumalbumin (BSA, 8,5 mg/ml Gel) gemSss dea 
Vorschriften dee Heceteilers kovalent an CNBr-aktivier te 
Sepharose 4B (Pharmacia. Uppsala, Schweden) gekoppeit. Der 
15 gemSss Beispiel 2 erhaltene Zellextrakt wurde Ubec die so 
hergestellten und in dec folgenden Reihenfolge 
hintereinandergeschalteten S2ulen geleitet: 
BSA-Sepharose-Voreaule, tmaunaf t initatseaule 
[Anti-(TNF-BP)-Antik5rper], TNFa-Ligand-Af f initatssaule. 
20 Nach vollstandigem Auf trag wurden die beiden letztgenannten 
saulen abgetrennt und einzeln tile sich mit je 100 ml der 
folgenden Puf f eriasungen gewaschen: (1) pbs, i.o% Triton 
x-ioo, 10 mM Benzamidin, 100 E/ml Aprotinin; (2) pbs, o.i% 
Triton X-ioo, 0.5M NaCl. io mM ATP, io mM Benzamidin, 
25 100 E/ml Aprotinin; und (3) PBS. 0.1% Triton X-IOO, 10 mN 
Benzamidin. 100 E/ml Aprotinin. Sowohl die Immun- ale auch 
die TNFa-Ligand-Af f initatssaule wurden dann mit loo mM 
Glycin pH 2.5, 100 mM NaCl, 0.2t Decy Ima ltos ide . 10 mM 
Benzamidin, loo E/ml Aprotinin jede far sich eluiert. Die in 
Filtertest gemlss Beispiel l aktiven Fcaktionen jeder SSule 
wurden danach jeweils veceint und rait im Tcis pH 8.0 
neutralisiert. 

Die so vereinten TNF-BP-aktiven Fraktionen dec 
35 Immun-Af Cini tatschroma tographie einecseits und der 

TNPo-Ligand-Aff initatschcoma tographie anderecseits wurden 
zur weiteren Reinigung nochmals auf je eine kleine 
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TNFa-Ligand-Affinitatssaule aufgetragen. Daaach wurden 
dieae beiden saulen nit je 40 ml von <i) PBS. i.o* Triton 
x-ioo. 10 ibm Benzamidin. 100 B/atl Aprotinin. (2) pus. o i* 
Triton X-ioo. o.5M Naci. lo niM ATP. iomM Benramidin 
X00 E/bI Aprotinin. (3) PBS. 0,1* Triton X-100. (4)' 50 m 
Tria P H 7.5. 150 OK NaCl. i.o* NP-40, l.o* Deaoxycholat 
O.l* SDS. (5) PBS. 0.2* OecylmaltOBid gewaachen. 
Anachlieaaend wucdea die saulen mit 100 mM Glycin p h 2 5 
100 mM Naci. 0.2* Decy Inaltoeid eluiert. Pralctiooen von ' 
0.5 ml von jeder saule wurden fur aich geaammelt und die 
gemass Filterteat (Beiapiel i) alctiven Fraktionen von Jedet 
SSule jeweils f U c aich veceint und in einec 
Centcicon-Binheit (Amicon. Molekulargewichta-Ausachlusa 
10-000) auf konzentriert. 

Belsptel s 

Auf trennuno mittela HPLt; 

Die gemaaa Beiapiel 4 erhaitenen alctiven Fraktionen 
wurden gemass ihrec unterschiedlichen Heckunft (Immun- bzw. 
Ligand-Affinitatschromatogcaphie) Jewells fur sich auf C1/C8 
Umkehrphasen-HPLC-saulen (ProRPC. Pharmacia. 5x20 mm) die 
mit o.i* Trifluoresaigaaure. o.i* octy Iglucosid eguilibriert 
worden waren. aufgetragen. Die saulen wurden dann mit einem 
linearen Acetonitrii-Gradienten (0-BO*) la gleichen Putter 
bei elnem Fluas von 0.5 Bl/min eluiert. Fraktionen von 
1.0 ml wurden von Jeder saule geaammelt und die aktiven 
Fraktionen von jeder saule fOr aich verelnt (Nachwela gemaaa 
Beiapiel 1). 

Beisoiel 6 
Auftrennuna mittela sps-PAge 



Die gemasa Beiapiel 5 erhaitenen und gemass Fiitertest 
(Beiapiel l) aktiven Fraktionen wurden durch SDS-pagb gemaaa 
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[34] welter auegetrennt. Dazu wurden die Pcoben in 
SDS-Probenpuffer wahrend 3 Minuten auf 95»C erhitzt uod 
anschliessend auf einem 12% Acrylamid-Trenngel mit einem 
Stigen Sammelgei elektrophoretisch aufgetcennt. Ala Beferenz 
zur Bestimmung der scheinbaren Moiekulargewichte auf dem 
SDS-PAGB Gel wurden die folgenden Eichprotelne vervendet: 
Pbosphorylase B (97.4 kD) . BSA (66 .2 kD) . Ovalbumin (42.7 
IcD). Carboanhydrase (31.0 kD) . Soya Trypsin-Inhibitot (21.5 
kD) und Lysozym (14.4 kD) . 

Unter den genannten Bedingungen wurden fUr Proben. die 
gemaes Beispiel 4 durch TNF-a-LigandenafCinitats- 
chromatographie von Immunaf f initatschromatographieeluaten 
erhalten und durch hplc gemiss Beispiel 5 weiter aufgetrennt 
worden wren, zwei Banden von 5S kD und 51 kD sowie drei 
schwachere Banden von 38 kD, 36 kD und 34 kD erhalten. oiese 
Banden wurden in einem Mini Trans Blot System (BioRad. 
Hichmond. California. USA) elektrophoretisch wahrend I 
Stunde bei loo V in 25 mM Tris. 192 mM Glycin. 20* Methanol 
auf sine PVDF-Merabran (tmmobilon. Miilipore. Bedford. Mass. 
USA) transfer iert. Danach wurde die PVDF-Meabran entweder 
mit 0.15% Serva-Blau (Serva. Heidelberg. BHD) in 
Methanol/Waseer/Eiseseig (50/4O/10 voiumentei le) auf Protein 
gefarbt Oder mit entfettetem Milchpulver blockiert und 
anschliessend zum Nachweis von Banden mit TOF-BP-Aktivitat { 
mit i-tnp gemass den in Beispiel l beschr iebenen 
Filtertestbedingungen inkubiert. Dabei zeigte sich. dass 
alle in der Proteinf arbung zur Darstellung gelangten Banden 
spezifisch TNFo banden. Alle diese Banden banden im 
western Blot nach Towbin et ai. [38] auch den gemaes 
Beispiel 3 hergesteiiten monoklonalen Antikarper. Dabei 
wurde ein gemass dem in Beispiel i beschriebenen Verfahren 
mit Na i radioaktiv markietter. aff initatsgereinigter 
(Mausimmunglobulin-sepharose-4B-Aff initatssaule) 
Kaninchen-anti-Maus-lmmunoglobulin-Antikarper zum 
autoradiographischen Nachweis dieses Antikorpers elngesetzt. 
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Proben. die gemass Beiapiel 4 durch zveimalige 
TNF-a-uigandenaffinicatschcomatogtaphie des Durchiaufa dec 
tmmunafeinitatechcomatographie echaltea und durch hplc 
genaas Belspiel s welter aufgetrennt wotden waren. zeigten 
untec den oben epezif izierten SDS-PAGE- und 
Blotttanafec-Bedingungen zwei zusatzliche Band en von 75 kD 
und 65 kD. die beide la Filterteat (Beiepiel i) epezifisch 
TNP banden. Im Western Blot gemaea Towbin et al. (a.o.) 
reagierten die Pcoteine dieser beiden Banden nicht mit dem 
gemaas Beispiel 3 hergestellten Antikorper. sie reagierten 
allerdings mit einem monoklonalen Antikocper. der auegehend 
von der 75 kD-Bande erzeugt wo r den war. 

Beispiel 7 

AminoBaureaeauenzanalyoo 



Zur Aminoaaureaequenzanalyae wurden die gemasa 
Beispiel 5 erhaltenen und gemaes Fllterteat (Beiapiel l) 
aktiven Fraktionen mittela der in Beiapiel 6 beechriebenen. 
nun jedoch reduzierenden, SDS-PAGE Bedingungen 
(SDS-Probenpuffer mit 125 mM Dithiothreitol ) aufgetrennt. Es 
wurden die gleichen Banden wie gemasa Beiapiel 6 gefunden. 
die allerdinga auf Grund der reduzierenden Bedingungen der 
25 SDS-PAGE im Vergleich zu Beiapiel 6 alle urn etwa 1-2 kD 
hohere Molekulargewichte zeigten. Dieae Banden wurden dann 
gemass Beiapiel 6 auf PVDP-Membranen Ubertcagen und mit 
0.15% Secva-Blau in Methanol/Waaaer/ Eisesaig (5O/40/10 
Volumenteile) watirend l Minute gefarbt. mit 
30 Methanol/waaaer/Eiaeaeig (45/48/7 Volumenteile) entfarbt. 
mit waaeec gespOlt. luf tgetrocknet und danach 
auageachnitten. Bei eamtlichen Schritten wurden zur 
vermeidung von N-terminaier Blockierung die von Hunkaplller 
[34] angegebenen Bedingungen etngehalten. So vorbeceitete 

35 PrbBe'h - wurden a , ann~iri~ eTneirauTonatiTfeTten" " ' 

Gaaphaaen-Mikroaequenzier-Gerat (Applied Bioayatema Modell 
470A. ABI. Poster city. Calif.. USA) mit einem on-line 
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nachgeschalteten automat isiec ten HPLC 

PTH-Aminosauceanalysatoc (Applied Biosystems Model 1 120, ABI 
a.o.) sequenziert, wobei die folgenden Aminosauresequenzen 
beetimrat wurden: 

5 

1., FUr die 55 kD-Bande (gem3ss nichtreduz ierendec SDS-PAGE) : 
Leu-val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lye-Acg-ABp-Ser-Val- 
Cys-Pco-Gln-Gly-Lys-Tyc-I le-His-Pro-Gln-X-Asn-Ser- l le, 
wobei X £Ur einen Aminosaucecest steht, der nicht 
1Q bestimrat warden konnte. 

2., FQc die SI KD und die 3a kD-Banden (gemMss ^ 
nichtreduziecender SDS-PAGE): 
Leu-Val-Pco-His-Leu-Gly-Asp-Acg-Glu 

IS 

3.. Fttc die 65 kD-Bande (gemmae nichtreduziecender SDS-PAGE): 
Bei dec N- tecminalen Sequenziecung dec 65 kD Bande 
wurden bis zum 15. Rest ohne Unter brechung zwei 
pacallele Sequenzen ermittelt. Da eine dec beiden 
20 Sequenzen einec Teilsequenz des Ubiquitins [36.37] 

entspcach, wurde fur die 65 kD-Bande die folgende 
Sequenz abgeleitet: 



25 



30 



Leu-Pco-Ala-Gln-Val-Ala-Fhe-X-Pco-Tyc-Ala-Pco-Glu-Pco-Gly^ 

wobei X flic einen Aminos3urerest steht, dec nicht 
bestimmt wecden konnte. 

Beisplel 8 

BeBtimmuna von Basen-Sequenzen von komolementa rer DNA (cDNA) 



Ausgehend von dec Aminosaucesequenz gemdss Formel I 
wurden untec BerUcksichtigung dea genetischen Codes zu den 
35 Aminosaurereeten 2-7 und 17-23 entspcechende , vollstandig 
degeneciecte oligonucleotide in geeigneter Komplementar itat 
synthetisiect ("sense" and "antisense" Oligonucleotide). 
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Totale zellulSre RNA wucde aus HL60-Zellen isoliect [42, 
43], und dec ecste cDNA-Stcang dutch Oligo-dT- 
Priming odec durch Priming nit dem "antisense" 
Oligonucleotid mittels eines cDNA-Synthese-Kits (HPN 1256, 
Amecstiam, Amersham, England) gem£ss dec Anleitung des 
Herstellers synthet is iert . Dieser cDNA-Stcang und die beiden 
synthet iaierten degeneciecten Oligonucleotide vurden in 
einec Polymecase-Kettenreakt ion (PCR peclcin Elmer cetus, 
Nocvalk, CT, USA gemass Anleitung des Herstellers) dazu 
vecvendet, die fUc die Aminosaute-Beste 8*16 (Formel I) 
codiecende Baeesequenz als cDNA-Fragment zu synthet is Lecen. 
Die Basensequenz dieses cDNA-Fragraentee lautet: 5 * -AGGGAG- 
AAGAGAGATAGTGTGTGTCCC-3 1 . 
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PatentansprUche 

1. Nichtiasliche Pcoteine und ISeliche oder nicht- 
ISsliche Fcagmente davoa, die TNF binden. in homogener Form, 

5 aowie decen physiologiech vertrSgliche Salze. 

2. Pcoteine gemase Anspruch i, die durch 
Molekulargevichte gemdss sds-page untec nichtceduzierenden 
Bedingungen von etwa 55 IcO und 75 kD character isiect sind. 



10 



3 



Pcoteine gemdee einem dec AnsprUche x und 2. di 



e 



wenlgatens eine der folgenden Aminosaureaequenzen enthaltea: 

Leu-Val-Pco-Hls-Leu-Gly-ABp-Acg-Glu-LvrB-AEg-ABp-sec-Val-cys- 
15 Pco-Gln-Glz-Lys-Tyr-ile-Hia-Pro-Gln-x-Asn-Set-Ile 

(I) 

bzv. 

20 t-eu-Pro-Ala-Gln-Val-Ala-Phe-x-Pco-Tyc-Ala-Pco-Glu-Pco- 
ciy. 

(ii) 

wobei X fOc einen nicht bestimmten Aminoeaurerest stent. 

4. Eia Vecfahcen zuc Isoliecung eines Proteins gemass 

25 elnem dec Anapctlche 1-3. daducch gekennzeichnet. dasa man in 
wesentlichen die folgenden Reinigungsschr itte nacheinandec 
ausfUhct: Heracellung eines Zellextraktes , 

iramunafCinitatschcomatogcaphie und/odec ein- odec mehrfache 

Ligandenaffinitatschcomatogcaphie. HPLC und pcapacative 
30 SDS-PAGE. 

5. Phacmazeutische Praparate. daducch gekennzeichnet. 
dasa aie eine odec mehcece Vecbindung(en) gemass einen dec 
AnsprUche 1-3. gewunachtenf a 1 la in [Combination mit veltecen 

35 Phacmazeutiach wirkaamen Subtanzen und/oder nicht-toxiachen, 
inecten. therapeut lech vertraglichen Tcagecmaterialien 
enthaltea. 



6. vecwendung einer Verbindung gem§as einera dec 
Ansprtlche 1-3 zuc Heretellung phacmazeut tacher Prdparate 
bzv. zuc Behandlung von Ktankhetten. bevorzugt solchen, be 
denen tnf involviert ist. 

7. Gegen ein Protein gemSss AnspcUche 1-3 gecichtete 
AntiJc5c pec . 
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10 TNF-blndende Proteine 
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Tumor Nekrosis Faktoc a (TNFa, auch Cachectin), auf 
Gcund seinec haeraor ragisch-nekro t isierenden wirkung auf 
bestimmte Tumoren entdeckt, und Lymphotoxin (TNFfl) sind zwei 
nahe verwandte Pept idf aktor en [3] aus dec Klasse dec Lyrapho- 
kine/Cytokine. die im folgenden beide als TNF bezeichnet 
2Q werden [siehe Uebersichtsarbei ten 2 und 3]. TNF vecfUgt tiber 
ein bceices zellulires Wickungsspektrum. Beispielsweise 
besitzt TNF inhibierende odec cytocoxische Wirkung auf eine 
Reihe von Tumor ze 1 1 1 inien [2.3J, stimuliect die Prolifera- 
tion von Fibroblasten und die phagozytierende/cytotoxische 
25 AktivitSt von myeloischen Zellen [4.5,6], induziert 

AdhMs ionsmolekille in Endothe lzellen oder ubt eine inhibie- 
rende Wickung auf Endothel aus [7*8*9,10], inhibiert die 
Synthese von spezifischen Enzymen in Adipozyten [11] und 
induziert die Expression von His tokompatibiii tatsant igenen 
30 [12]. Mancne dieser TNF-Wirkungen werden Uber eine Induktion 
von anderen Faktoren odec dutch synergiscische Effekte rait 
anderen Faktoren, vie beispielsweise Interfeconen oder 
Inter leukinen eczielt [13-16]. 
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TNF 1st bei einec Reihe von pathologischen Zustanden, 
beispielsweise Schockzustdnden bei Meningococcen-Sepsis 
[17], bei der Entwicklung von Autoimmun-Glomerulonephritis 
bei MSusen [IB] Oder bei cerebraler Malaria bei Mdusen [19] 

5 und beim Menschen (41) involviert. Ganz ailgeraein scheinen 
die toxischen Wirkungen von Endotoxin durch TNP vermittelt 
zu sein [20]. Weiterhin kann TNF wie tnterleukin-1 Fieber 
ausldsen [39], Auf Grund der pieiotropen f unkt ionel len 
Eigenschaf ten von TNF kann man annehmen, dass TNF in 

10 Wechselwirkung mit anderen Cytokinen bei einer ganzen Reihe 
weiterer pathoiogischer Zustande als Mediator von Immunant- 
wort, Entztindung oder anderen Prozessen beteiligt 1st. 

Diese biologischen Ef fekte werden durch TNF ilber spezi- 

15 fische Rezeptoren vermittelt, wobei nach heutigem Wissens- 
stand sovohl TNFa wie TNFB an die gleichen Rezeptoren 
binden [21]. Verschiedene Zelltypen unterscheiden sich in 
der Anzahl von TNF-Rezeptoren [22,23,24]. Solche ganz allge- 
niein gesprochen TNF-bindenden Proteine (TNF-BP) wurden durch 

2Q kovalente Bindung an radioaktiv markiertes TNF aachgewiesen 
[24-29], wobei die folgenden scheinbaren Molekulargewichte 
der erhaltenen TNF/TNF-BP-Komplexe ermittelt wurden: 
95/100 kD und 75 kD [24], 95 kD und 75 kD [25], 138 kD, 
90 kD, 75 kD und 54 kD [26], 100±5 kD [27], 97 kD und 

25 70 kD [28] und 145 kD [29], Mittels ant i-TNF-Antikorper- 
-Immunoaf einitatschromatographie und praparativer SDS-Poly- 
acrylamidgelelektrophorese (SDS-PAGE) konnte ein solcher 
TNF/TNF-BP-Komplex Uoiiert werden [27]. Die reduktive 
Spaltung dieses Komplexes und anschliessende SDS-PAGE- Ana - 

30 lyse ergab mehrere Banden, die allerdings nicht auf 

TNF-Bindeaktivit3t getestet wurden. Da die spezifischen 
Bedingungen, die zu der Spaltung des Komplexes verwendet 
werden mtlssen, zur Inaktivierung des Bindeproteins fUhren 
[31], ist letzteres auch nicht mdgiich gewesen. Die 

35 Anreicherung von 15slichen TNF-BP aus dem huroanen Serum oder 
Urin mittels lonenaustauscher-Chroma tographie und Gelfil- 
tration (Molekulargewichte Lm Bereich von 50 kD) wurde von 
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Olsson at al. beschriebea [30]. 

Brockhaus et al. [32] erhielten dutch TNFa-Liganden- 
a£f initatschromatographie und HPLC aus Membranextrakten von 

5 HL60-Zellen eine angereicherte TNF-BP-Praparat ion, die 
wiederum ale Antigenpr£paration zuc Hecstellung von mono- 
klonalen Antikfcrpetn gegen TNF-BP verwendet vurde. Untec 
Vervendung eines solchen immobi 1 isier ten Antikdrpers (Immun- 
af f initltschromatographie) wurde i&ittels TNFa-Liganden- - 
af f initatschromatographie und HPLC von Loetscher und 
Brockhaus [31] aus einem Extrakt von humaner Placenta eine 
angereicherte Preparation von TNF-BP echalten, die in der 
SDS-PAGE- Analyse eine starke breite Bande bei 35 kD r eine 
schwache Bande bei etwa 40 kD und eine sehc schwache Bande 

15 in Bereich zvischen 55 kD und 60 kD ergab. Im ubrigen zeigte 
das Gel im Bereich von 33 kD bis 40 kD einen Protein- 
hintergrundschmier . Die Bedeutung der so erhaltenen Proteia- 
banden war jedoch ira Hinblick auf die Heterogenic t des 
verwendet en Ausgangsma ter ials (Placenta-Gewebe; vereinigtes 

20 Material aus mehreren Placenten) nicht klar. 

Gegenstand der vorliegenden Erfindung sind nicht losliche 
Proteine und losliche oder nicht 13s 1 iche Fragmente davon, . ~ 
die TNF binden (TNF-BP > * in homogener Form* sowie deren 

25 physiologisch vertragliche Salze. Bevorzugt sind solche ..^ 
Proteine, die gemass SDS-PAGE unter nicht reduz ierenden 
Bedingungen durch scheinbare Molekulargewichte von etwa 
55 kD* 51 kD. 38 kD. 36 kD und 34 kD bzw. 75 kD und 65 kD ' 
charakter isiert sind, insbesonders solche mit etwa 55 kD und 

30 75 kD. Weiterhin bevorzugt sind solche Proteine. die durch 
wenigstens eine der folgenden Aroinos3ureteilsequenzen 
gekennzeichnet sind: 

( I A) Leu-V al-Pro -His-Leu-Gly-Asp-Arg-Glu^Lys- : Arg-Asp r Ser- 
35 Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ue-His-Pro-Gln-X-Asn-Ser 
lie 
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(IB) Sec-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr- 
Thr-Lys 

(HA) Ser-Gln-Leu-Giu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr- 

Giu-Glu-Lys-Pro-Leu 
5 (IIB) Val-Phe-Cys-Thr 

<IIC) Asa-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-Ala- 

Gly-Glu-Ala 

(IID) Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-GLu-Pro- 
Gly-Ser-Thr-Cys 
10 (HE) Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 

(IIF) Leu-Cys-Ala-Pro 

(IIG) Val-Pro-His-Leu-Pro-Ala-Asp 

(IIH) Gly~Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X~Ala-Pro 

15 wobei X fUr einen Aminosaucerest stent, der nicht 

eindeutig bestimmt werden konnte. 

Im Stand der Technilt sind bereits TNF-BP durcb eine 
N-tecminale Teilsequenz character isiert worden [Eucopaische 

20 Patentanmeldung mit dec Publilcations-Nr . 308 378], wobei 
sich diese Sequenz von der erf indungsgera£ssen N- termina ten 
Teilsequenz gernass Formel (IA) unterscheidet . Im (ibcigen 
handelt es sich aber bei den im Stand der Technifc beschrie- 
benen TNF-B indepcoteinen uro aus dem Ucin isolierte, 

25 idsliche, d.h. nicht membcangebundene, TNF-BP und nicht um 
membrangebundene, d.h. unldsliche, TNF-BP. 

Gegenstand der vocliegenden Anmeldung sind auch Ver- 
fahren zur Isolierung dec erf indungsgemdseen TNF-BP. Diese 

30 Verfahcen sind dadurch character isiect , dass man im wesent- 
lichen die folgenden Reinigungsschr itte nacheinandec aus- 
ftihrt: Herstellung eines Zell- odec Gewebeextcaktes. tmraun- 
af f initatschcomatographie und/oder ein- Oder mehrfache 
Ligandenaf £ init&tschcouatographie . hochauf Losende Flussig- 

35 keitschromatographie (HPLC) und prapacative SDS-Polyacryl- 
amidgelelektrophocese (SDS-PAGE). Die {Combination der aus 
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dem Stand dec Technik bekanntea einzelnen Reinigungsschcitte 
ist fUr den Ecfolg des ecf indungsgeaissen Vecfahcens 
essentiell. wobei einzelne Scheitte io Sahmen der zu 
losenden Aufgabe modifiziert und vecbessect wurden. so wucde 
5 beispielsweise det ucspcUnglicb flic die Anceichecung von 
TNP-BP aus humaner Placenta (31] vecwendete komblniecte 

Immunaffinitatechcomatogcaphie/TNPa-tigandenaCCinitatschcoma 
togcaphie-Schritt daducch abgeandect. dass sine BSA-Sepha- 
cose 4B-Vorsaule verwendet wucde. Diese Vocsaule wucde zum 

10 Auf trag dee Zell- odec Membranextcaktes in Reihe ait dec 

Immunaff initatssaule und gefolgt von dec Ligandenaf f initats- 
saule geschaltet. Nach AuCtrag des Extcaktes wucden die 
beiden zuletztgenannten Saulen abgekoppelt, jede fOc sich 
eluiect und die TNF-BP-aktiven Fcaktionen wucden nochmals 

15 tlbec eine Ligandenaf f initatssaule geceinigt. Ecfindungs- 
wesentlich ftic die Ducchftihcung des Umkehcphasen-HPLC- 
-schcittes ist die Vecwendung eines Detecgens-haltigeo 
Ldsungsmittelgemisches . 

20 Ferner ist auch ein technisches Vecfahcen zura Eczielen 

hohec Zelldichten von SSugeczel len. aus denen TNP-BP iso- 
liect wecden k6nnen. Gegenstand dec vorliegenden Ecfindung. 
Ein solches Vecfahcen zeichnet sich daducch aus. dass ein 
Medium, welches flic die spezifischen Wachstumsecf ocdecnisse 

25 dec vecwendecen Zeiliinie entwickelt wurde. in Vecbindung 
mit einec wie z.B. im Detail in Beispiel 2 beschciebenen 
Pecfusionsappacatuc vecwendet wicd. Mittels eines solchen 
Vecfahrens lassen sich beispielsweise flic HL-60-Zellen bis 
zu mehc als 20-fach hohece Zelldichten als Qblich eczielen. 

30 

ZusStzlich dazu betcifft die vocliegende Ecfindung auch 
DNA-Sequenzen. die file Peoteine und losliche odec nicht- 
losliche Fcagmente davon. die TNF binden. kodiecen. Bevoc- 

s ind DNA -Sequen zen. welche file ein solch es Protein mit 

35 eine'm scheinbacen Molekulacgewicht von etwa 55 kD kodiecen 
wobei die in Abbildung I dacgestellte Sequenz besondecs 
bevoczugt ist. wie Sequenzen. die fur nichtldsliche wie 
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Idsliche Fragraente von solchea Proteinea kodieren. Bine 
besonders bevorzugte DNA- Sequenz. die fttr ein nicht- 
lasliches Protein-Fragment kodiert, reicht von Nukleotid 
-185 bis 1X22 der in Abbildung 1 gezeigten Sequenz. Beson- 

5 decs bevorzugte DNA-Sequenzen, die filr Idsliche Protein- 

-Fragmente kodieren. sind solche, die von Nukleotid -185 bis 
633 bzv. von Nukleotid -14 bis 633 der in Abbildung 1 
gezeigten Sequenz reichen. Die vorliegende Brfindung 
betrifft nattirlich auch die von solchen DNA-Sequenzen 

10 kodierten rekombinanten Proteine. Selbstverstandiich sind 
dabei auch solche Proteine umfasst, in deren Aininosdure- 
sequenzen, beispielsweise mittels gezielter Mutageneses 
Aminosduren so ausgetauscht worden sind, dass dadurch die 
AktivitSt der TNF-BP oder deren Fragmente, n3mlich die 

1S Bindung von TNF oder die WechseLwirkung mit anderen, an der 
Signa lUbertragung beteiligten Merabrankomponenten. in einer 
gewtlnschten Art ver&ndert oder echalten wurden. Amino- 
saureaustausche in Proteinen und Peptiden, die ira ailge- 
meinen die Aktivit£t solcher Moiektile nicht ver£ndern, sind 

20 ^ a Stand der Technik bekanht und beispielsweise von 

H. Neurath und R.L. Hill in "The Proteins" (Academic Press* 
New York. 1979. siehe besonders Figur 6. Seite 14) 
beschrieben. Die am hSufigsten vor kommenden Austausche sind: 
Ala/Ser. Val/Ile, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr. 

25 Ser/Ash, Aia/Val, Ser/Gly. Tyr/Phe, Ala/Pro. Lys/Arg. 

Asp/Asn, Leu/Ile, Leu/Val, Ala/Glu, Asp/Gly, sowie solche in 
umgekehrter Weise. Die vorliegende Brfindung betrifft ferner 
Vektoren. die erf indungsgemMsse DNA-Sequenzen enthalten und 
zur Transformation von geeigneten pro- wie eukaryotischen 

30 Wirtssystemen geeignet sind, wobei solche Vektoren bevorzugt 
sind, deren Verwendung zur Expression der von den erfin- 
dungsgeraassen DNA-Sequenzen kodierten Proteine ftihrt. 
SchliesslLch betrifft die vorliegende Brfindung auch noch 
mit solchen Vektoren transf ormierte pro- wie eukaryotische 

35 Wirtssysteme, wie Verfahren zur Herstellung von erf indungs- 
gemassen rekombinanten Verbindungen durch Kultivierung 
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solcher Wirtssys teme und anschl iessende Isolierung dieser 
Verbindungen aus den Wirtssysteraen selbst odec deren Kultur- 
ttberstanden. 

5 Gegenstand dec vorliegenden Erfindung sind auch pharraa- 

zeutische Pcaparate, die wenigstens eines dieser TNF-BP odec 
Fragmente davon, gewtinschtenf alls in Verbindung mit veitecen 
pharmazeutisch wirksamen Substan2en und/odec nicht-toxi- 
schen, inerten, therapeutisch ver tragi ichen TrSgermater ia- 

10 lien enthalten. 

Die vocliegende Erfindung becrifft schliesslich die 
Verwendung solchec TNF-BP einecseics zur Hers tei lung pharma- 
zeutischer PcSparate bzv. andererseits zur Behandlung von 
15 Krankheiten. bevorzugt solchen. in deren Verlauf TNF invol- 
viert 1st. 

Ausgangsraater ial fUr die ecC indungsgemdssen TNF-BP sind 
ganz allgemein Zellen, die solche TNF-BP in membcangebunde- 

20 ner Form enthalten und die deia Fachmann ohne Beschr&nkungen 
allgemein zug£nglich sind. wie beispie isweise HL60- {ATCC 
Nr. CCL 240], U 937- [ATCC Nc . CRL 1593], SW 480- [ATCC Nr. 
CCL 228] und HEp2-Zellen [ATCC Nr. CCL 23]. Diese Zellen 
konnen nach bekannten Methoden des Standes der Technik [40] 

25 Oder zum Erzielen hoher Zelldichten nach dem bereics allge- 
mein und im Detail €Uc HL60-Zellen in Beispiel 2 beschcie- 
benen Verfahcen kultiviect verden. TNF-BP konnen dann nach 
bekannten Methoden des Standee dec Technik mittels geeigne- 
ter Detecgenzien, beispie Isweise Triton X-114, 1-O-n-Octyl- 

30 -fl-D-glucopyranosid (Octylglucosid) , Oder 3-[ (3-Choiylamido- 
propyl)-dimethylammonio]-l-propan sulfonat (CHAPS), im 
besonderen mittels Triton X-100. aus den aus dem Medium 
abzenttif ugier ten und gevaschenen Zellen extrahiert werden. 
Zum Nachweis sorcher TNF-BP konnen die ublicherweise verven- 

35 deten Nachveismetnoden fiir TNF-BP* beispielsveise eine Poly- 
athylenglykol-induzierte FSllung des 125 I-TNF/TNF-BP-Kom- 
plexes [27], im besonderen Fi Iterbindungs tests mit radio- 
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aktiv mackiectem TNF genass Beispiel I. vecwendet wecden. 
Zuc Gewinnung dec ecf indungsgemassen TNF -BP kSnnen die 
geneceu zuc Reiaigung von Pcoteinen. insbesondece von 
Membeanproteinen. verwendeten Methoden des standes dec 
5 Technik. wie beispielsweise Ionenaustauscb-chcoraatographie. 
Gelfiltcation. Af f initatschronatogcaphie. hplc und SDS-PAGB 
vecwendet wecden. Besondecs bevoczugte Methoden zuc Hecstel- 
lung ecfindungsgemassec TNP-BP sind Af f initatschcomatogca- 
phxe. insbesondece mit TNF-a als an die Festphase 
10 gebundenen Liganden und Immunaf f initatschcomatogcaphie HPLC 
und SDS-PAGB. Die Blucion von mittels SDS-PAGB auf getcennten 
TNP-BP Banden kann nach bekannten Methoden dec Pcoteinchemie 
ecfolgen. beispielsweise mittels Elektcoelution nach 
HunkapiUec et ai. [34]. wobei nach-heutigem stand des 
15 Wissens die doct angegebenen Elektco-Dialysezeiten genecell 
*u verdoppeln sind. Danach noch vecbleibende Spucen von SDS 
kdnnen dann gemass Bossechoff et al. [50] entfecnt wecden. 

Die so geceinigten TNF- BP kdnnen mittels dec im Stand 
20 dec Technik bekannten Methoden dec Peptidchemie. wie 
beispielsweise N-tecminale Aminosaucesequenzierung odec 
enzymatische wie chemische Pepcidspaitung chacaktecisiect 
wecden. Dutch enzymatische odec chemische Spaltung echaltene 
Fcagmente konnen nach gangigen Methoden. wie beispielsweise 
25 HPLC. aufgetcennt und selbst wiedec N-tecminai sequenziect 
wecden. Solche Fcagmente. die selbst noch TNF blnden. kdnnen 
mittels dec obengenannten Nachweismethoden flic TNF -BP 
identifiziect wecden und sind ebenfalls Gegenstand dec 
vocliegenden Erf indung. 

30 

Ausgehend von dec so echaltlichen Aminosaucesequenz- 
infocmation odec den in Piguc l dacgesteLiten ON A- wie 
Aminosaucesequenzen konnen untec Beachtung dec Degenecation 
des genetischen-Codes nach im stand dec Technik bekannten 
35 Methoden geeignete Oligonukleotide hecgestellt wecden [5LJ. 
Mittels diesec konnen dann wiedecum nach bekannten Methoden 
dec Molekulacbiologie [42.43] cDNA- odec genomische 
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DNA-Banken nach Klonen, die CUc TNF-BP kodierende Nuklein- 
saucesequenzen enthalten, abgesucbt warden. Aussecdera kcSnnen 
mitteis der Folymerase-Kettenreaktion (PCR) [49] cDNA-Fcag- 
mente kloniert verden, indem von zwei auseinander 1 iegenden. 

5 relativ kurzen Abschnitten dec Aminos3uresequenz untec 

Beachtung des genetischen Codes vollstdndig degenecierte und 
La ihrer Komplementar it3t geeignete Oligonucleotide als 
"Primer* eingesetzt verden* vodurch das zvischen diesen 
beiden Sequenzen liegende Fragment amplif iziert und identi- 

10 fizierc verden Kann. Die Bestimmung der Nukleotidsequenz 
eines derartigen Fragmentes erradglicht eine unabh£ngige 
Bestimmung der Arainosdure-Sequenz des Proteinf ragmencs . far 
das es kodiert. Die mitteis der PCR erhdltlichen cDNA-Frag- 
mente konnen ebenfalls. vie bereits file die Oligonukleot ide 

15 selbst beschrieben, nach bekannten Methoden zura Aufsuchen 

von filr TNF-BP kodierende NukleinsSuresequenzen enthaltenden 
Klonen aus cDNA- bzv. genomische DNA-Banken vervendet 
verden. Sole he Nukleinsduresequenzen kdnnen dann nach 
bekannten Methoden sequenziert verden [42]. Aufgcund der so 

20 bestimmten vie der fUr bestimmte Rezeptoren bereits bekann- 
ten Sequenzen. kdnnen solche Tei Isequenzen, die fUr Idsliche 
TNF-BP-Fragraente kodieren. bestiromt und mitteis bekannter 
Methoden aus der Gesamtsequenz herausgeschni tten vecden [42]. 

25 Die gesamte Sequenz oder solche Teilsequenzen kdnnen ' 

dann mitteis bekannter Methoden in ira Stand der Technik 
beschriebene Vektoren zu deren VervieiCS 1 t igung vie Expres- 
sion in Prokaryoten integriect verden [42]. Geeignete pro- 
karyotische Wirtsorganismen stellen beispielsveise gram- 

30 -negative vie gram-positive Bakterien, vie beispielsveise 
E. coli Stamme. vie E. coii HB 101 [ATCC Nr. 33 694] Oder 
E. coii W3110 [ATCC Nr. 27 325] oder B. subtilis Stamrae dar. 

Weiterhin kctnnen erf indungsgemasse NukleinsSure- 
35 "sequehzeh, die Ctir TNF-HF "sowie fttr TNF-BP-Fragmente kodie- 
ren, in geeignete Vektoren zuc Vermehrung vie Expression in 
eukaryotischen Wirtszellen, vie beispielsveise Hefe. 
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Insekten- und Saugerzelien. mittels bekannter Methoden 
integriert werden. Expression solcher Sequenzen erfolgt 
bevorzugt in SSuger- vie Insektenzellen. 

Bin typischer Express ionsvektor fOr Saugerzelien enthalt 
ein effizientes Promotorelement. urn eine gute Transkrip- 
tionsrate zu erzielen. die zu exprimierende DNA-Sequenz und 
Swnale flic eine effiziente Termination und Polyadenylierun, 
des Transfer ipts. Weitece Elemente. die verwendet werden 
konnen. sind "Enhancer", welche zu nochmals verstarkter 
Transkription fuhren und Sequenzen. welche z.B. eine langere 
Halbwertszeit der mSNA bewirken kdnnen. 

Die meisten Yektoren. die fur eine transiente Expression 
einer bestimmten DNA-Sequenz in Saugerzelien verwendet 
werden. enthalten den Repl ikationsursprung des SV40 Virus, 
in zellen. die das T-Antigen des Virus exprlmieren. (z.B. 
COS-Zellen). werden diese Vektoren stark vermehrt. Eine 
vorubergehende Expression ist aber nicht auf COS-Zellen 
beschrankt. Im Prinzip kann jede transf ektier bare Sauger- 
zelllinie hierflir verwendet werden. Signale. die eine starke 
Transkription bewirken konnen. sind z.B. die fcUhen und 
spaten Promotoren von SV40. der Promoter und Enhancer des 
"major immediate-early Gens des HCMV (humaner Cytomegalo- 
virus), die LTRs ("long terminal repeats") von Retroviren. 
wis beispielsweise RSV. HIV und MMTV. Es kflnnen aber auch 
Signale von zellularen Genen. wie z.B. die Promotoren des 
Aktin- und Collagenase-Gens. verwendet werden. 

Altarnativ konnen aber auch stabile Zelilinien. die die 
spezifische DNA-Sequenz im Genoa (Chromoson) integciert 
haben. erhalten werden. Hierzu wird die DNA-Sequenz zusammen 
mit einem selektierbaren Marker. z.B. Neomycin. Hygromycin. 
Dihydrofolat-Hednktase (dhfr) oder Hypoxanthin-Guanin-Phos- 
phoribosyltransferase (hgpt) kotransf ektiect . Die stabil ins 
Chromosom eingebaute DNA-Sequenz kann auch noch stark ver- 
mehrt werden. Ein geeigneter Selektionsmarker hierfur ist 
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beispielsweise die Dihydrof olat-Reduktase (dhfr). SSugec- 
zellen (z.B. CHO-Zellen), velche kein intaktes dhfc-Gen 
enthalten, wecden hiecbei nach erfolgter Transfektion mit 
steigenden Mengea von Methotrexat inkubiect. Auf diese Weise 
5 kdnnen Zelllinien echalten werden. welche mehr als tausend 
Kopien dec gewtinschten DNA-Sequenz enthalten. 

saugerzellen. welche file die Expression verwendet warden 
kdnnen. sind z.B, Zellen dec menschlichen Zelllinien He la 
10 [ATCC CCL2] und 293 [ATCC CRL 1573], sowie 3T3- [ATCC CCL 
163] und L-Zellen. z.B. [ATCC CCL 149], (CHO)-Zellen [ATCC 
CCL 61J. BHK [ATCC CCL 10]-Zellen sowie die CV 1 [ATCC CCL 
70J- und die COS- Zelllinien [ATCC CRL 1650. CRL 1651]. 

15 Geeignete Expcessionsvektoren urofassen beispielsweise 

Vektoren wie pBC12MI [ATCC 67 109 J. pSV2dhfr [ATCC 37 146]. 
pSVL [Pharmacia. Uppsala, Sweden]. pRSVcat [ATCC 37 152] und 
pMSG [Pharmacia. Uppsala. Sweden]. Besonder bevoczugte 
Vektoren sind die in Beispiel 9 vecwendeten Vektocen "pKl9« 

2b und "PN123-. Diese kdnnen aus den mit ihnen transf ormiecten 
E. coli-stammen HB10l(pKl9) und HB101( P N123) nach bekannten 
Methoden isoiiect wecden [42]. Diese E. coli-stamme wurden 
am 26. Januac 1990 bei dec Deutschen Saramlung von Mikro- 
organismen und Zellkulturen GmbH (DSM) in Braunschweig. BRD 

25 unter DSM 5761 fOr HB101(pK19) und DMS 5764 ftir HB101(pN123) 
hinter legt . 

Die Act und Weise wie die Zellen tcansf ektiert werden 
hiingt void gewahlten Expressions- und Vektorsystem ab. Eine 

30 Uebecsicht ubec diese Methoden findet man z.B. bei Pollard 
et al.. M DNA Transformation of Mammalian Cells" in "Methods 
in Moleculac Biology" [Nucleic Acids Vol. 2. 1984. Walker. 
J.M., ed. Humana, Clifton. New Jersey] . Weitece Methoden 
* ln f.? t .™ a iL_?lf ehen^und Okayama ["High-Efficiency Transf oc- 

35 mation of Mammalian Ceils by Viasl^ 

Cell Biology 7. 2745-2752. 1987] un d bei Feigner [Feigner et 
al.. "Lipofectin: A highly efficient. 1 ipid-med ia ted 
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DNA-tcanfifection procedure". Proc. Nat. Acad. Sci. USA 
7413-7417. 1987J. 

Zur Expression in Insektenzellen kann das Baculovirus- 

s -Expressions-System, welches schon fUr die Expression einer 
Reihe von Proteinen erfolgreich eingesetzt worden ist (fUr 
eine Uebersicht siehe Luckow and Summers. Bio/Technology 6, 
47-55. 1988). verwendet werden. Rekombinante Proteine kdnnen 
auttientisch Oder als Pusionsproteine hergestellt werden. Die 

10 so hergestellten Proteine kdnnen auch modif iziert, wie 

beispielsweise glykosyliert (Smith et al., Proc. Nat. Acad. 
Sci. USA 82. 8404-8408. 1987) sein. FUr die Herstellung 
eines rekombinanten Baculovirus. der das gewtlnschte Protein 
exprimiert, vervendet man einen sogenannten "Transfer- 

15 vektor" . Hierunter versteht man ein Piasmid. welches die 
heterologe DNA-Sequenz unter der Kontroile eines starken 
Promoters. z.B. dem des Polyhedringens . enthait. wobei diese 
auf beiden Seiten von viralen Sequenzen umgeben ist. Beson- 
ders bevorzugte Vektoren sind die in Beispiei 10 verwendeten 

20 Vektoren "pN113». »pN119» und »pN124". Diese kdnnen aus den 
mit ihnen transf ormier ten E. coli~St2mmen HB101(pN113) , 
HB101(pN119) und HB101(pN124) nach bekannten Methoden iso- 
liert werden [42J . Diese E. coli-StSmme wurden am 26. Januar 
1990 bei der Deutschen Sammlung von Hikroorganismen und 

25 Zellkulturen GmbH (DSM) in Braunschweig. BRD. unter DSN 5762 
filr HB101(pN113). DSM 5763 fQr HB101(pN119) und DSM 5765 fOr 
HB10l(pN124) hinterlegt. Der Transf ervektor wird dann 
zusammen mit DMA des Wi Idtyp-Baculovirus in die Insekten- 
zellen transf ektiert . Die in den Zellen durch homologe 

30 Rekombination entstehenden rekombinanten Viren kdnnen dann 
nach bekannten Methoden identif iziert und isoliert werden. 
Eine Uebersicht Uber das Baculovirus-Expressionssystem und 
der dabei verwendeten Methoden f indet man bei Luckow und 
Summers [52] . - 

35 

Exprimierte TNF-BP wie ihre nicht idslichen oder 16s- 
lichen Fragmente kdnnen dann nach ira stand der Technik 
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bekannten Methoden dec Pcoteinchemie. vie beispie lsveise den 
beceits auf Seiten 5-6 beschciebenen Vecfahcen, aus dec 
Zellmasse odec den Kul tucUber s t^nden geceinigt werden. 

Die ecf indungsgemass echaltenen TNF-BP konnen auch als 
Antigene zur Eczeugung von poly- und monoclonal en Anti- 
kdcpecn nach bekannten Methoden dec Technik [44.451 odec 
gem&ss dem in Beispiel 3 beschciebenen Vecfahcen vecwendet 
wecden. Solche AntikSrper. insbesondece monotclonale Anti- 
kocper gegen die 75 kD-TNF-BP-Spezies. sind ebenfalls Gegen- 
stand dec vocliegenden Ecfindung. Solche gegen die 75 kD 
TNF-BP gecichtete AntikScpec kbnnen durch dem Fachmann 
gelMufige Modif ikationen des in den Beispielen 4-6 in Detail 
beschciebenen Reinigungsvecf ahcens zuc Tsolierung von TNF-BP 
eingesetzt wecden. 

Auf Gcund dec hohen Bindungsaff init&t ecf indungsgemSssec 

TNF-BP file TNF (K.-Wecte in den Gcdssenocdnungen von 

q in a 

10 - 10" M) kdnnen diese odec Fcagmente davon als 

Diagnostika zum Nachweis von TNF in Serum odec andecen 

Kdcpecf lUssigkeiten nach im stand dec Technik bekannten 

Methoden. be ispie lsveise in Festphasenbindungstests odec in 

Vecbindung rait Anti-TNF-BP-Ant ikd" rpecn in sogenannten 

"Sandwich" -Tests , eingesetzt wecden. 

Im Ubcigen konnen ecf indungsgemSsse TNF-BP einecseits 
zuc Reinigung von TNF und andererseits zum Auff inden von 
TNF-Agonisten sowie TNF-Antagonisten nach im Stand dec 
Technik bekannten Vecfahcen vecwendet wecden. 

Die ecf indungsgemassen TNF-BP sowie decen physiologisch 
vectcdgliche Salze. die nach im Stand dec Technik bekannten 
Methoden hecgestellt wecden konnen. konnen auch zuc Herstel- 
lung von p ha cmareu t ischen Pcapa cate n. y.o. c a lie m _ so. Lc h e n._z.u.c- - 
Behandlung von Kcankheiten, bei deren Veciauf TNF involviect 
ist. vecwendet werden. Dazu kann eine odec mehcece dec 
genannten Vecbindungen. falls wunschenswect bzw. ecfocdec- 
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lich in Verbindung mit anderen pharmazeutisch aJctiven 
Substanzen. mit den ttblicherweise verwendeten festen Oder 
flttssigen Tragermater iaiien in bekannter Weise verarbeitet 
werden. Die Dosierung solcher Prlparate kann unter Bertick- 
5 sichtigung der ttblichen Kcitecien in Analogie zu bereits 
vecwendeten PrSparaten Mhnlicher Aktivitat und Struktuc 
erfolgen. 

Nachdea die Erfindung vorstehend allgemein beschrieben 
10 worden ist. sollen die foigenden Beispiele Einzelheiten der 
Erfindung veranschaul ichen, ohne dass diese dadurch in 
irgendeiner Weise eingeschrdnkt wird. 



Beisoiel l 

Nachweis von TNF-bindenden Proteinen 



Die TNF-BP wurden in einem Filtertest mit humanem radio- 
*°125 £tem I - TNF nachgewiesen. TNF (46.47) wurde mit 

20 Na I (IMS40, Amershaa. Amersham. England) und Iodo-Gen 
(#28600, Pierce Eurochemie. Oud-Bei jerland. Niederlande) 
nach Fraker und Speck [48] radioaktiv makiert. Zum Nachweis 
der TNF-BP wurden isoiierte Membranen der Zeiien oder ihre 
solubiiisierten. angereicher ten und gereinigten Fraktionen 

25 auf angefeuchtete Nitrocellulose-Filter (0.45 u, BioRad. 

Richmond. California. USA) aufgetragen. Die Filter wurden 

dann in Pufferldsung mit 1% entfettetem Miichpulver 

blockiert und anschliessend mit 5*10 5 cpm/ml 
125 8 

I-TNFa (0.3-1. 0*10 cpm/ug) in zwei Ansatzen 

30 tait und ohne Beigabe von 5ug/ml nicht-raarkier tern TNFa 
inkubiert. gewaschen und luf tgetrocknet . Die gebundene 
Radioaktivitat wurde autotadiographisch seaiquanti tativ 
nachgewiesen oder in einem y-Counter gezahlt. Die spezi- 
fische I-TNF-a-Bindung wurde nach Korrektur fur 

35 unspezif ische Bindung in Anwesenheit von unmarkiertea 
TNF- a im Ueberschuss ermittelt. Die spezifische 
TNF-Bindung im Filtertest wurde bei verschiedenen 
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TNP-Kon2entrationen gemessen und nach Scatchard analysiert 



(33]. vobei ein K.-Wert von ~10~ 9 -10~ 10 M etmittelt 



wurde. 

5 Beiapiel 2 

Zellextcakte von HL-60-Zellen 

HL60 Zellen [ATCC-Nr. CCL 240J wurden in exper imentel lem 
10 Labormasstab in einem RPMI 1640-Medium [GIBCO-Kataiog Nr. 
074-01800], das nocfc 2 g/i NaHC0 3 und S\ fdtales feaiber- 
secum enthielt, in einer 5% C0 2 -Atmosphere kuitiviert und 
anschliessend zentr ifugiert . 

15 Zum Erzielen hohec Zeildichten in technischem Masstab 

wucde folgenderraassen verfahren. Die Zttchtung wurde in einem 
75 1 Airlif t€ermenter (Pa, Chemap, Schweiz) mit 58 1 
Arbeitsvolumen durchgeCuhrt . HierfUr wurde das Kassetten- 
raembransystem "PROSTAK" (Millipore. Schweiz) mit einer 

20 Merabranf 13che von 0.32 m 2 (l Kassette) in den ausseren 

Zirtculationskreislauf integciect. Das Kulturmedium (siehe 
Tabelle 1) wutde mit einer Watson-Mar low Purape. Typ 603U. 
mit 5 1/min. u rage pu rapt. Nach einer Darapfsteri Lisa t ion der 
Anlage, wobei das "PROSTAK" System im Autoklaven separat 

25 steriiisiert wurde. wurde die Fermentation rait wachsenden 
HL-60 Zellen aus einem 20 1 Air lif tf etmenter (Chemap) 
gestartet. Die ZellzCichtung im Impff etmenter erfolgte im 
konventionellen Batchvecfahren in dem Medium gemass Tabelle 
1 und einem Startzellti tec von 2xl0 5 Zellen/ral. Nach 4 

30 Tagen wucde der HL60 Ansatz mit einem Titer von 4.9xlo 6 

Zellen/ml in den 75 1 Fermenter Uberftihrt. Der pH-Wect wurde 
bei 7.1 und der p0 2 Wert bei 25% sattigung gehalten, wobei 
der SauerstoCf eintcag dutch eine mikroporose Fcitte 
erfolgte. Nach anCdnglicher Batchf ermentat ion wurde am 2. 

35 Tag die Perfusion bei einem Zelltiter von 4xl0 6 Zellen/ml 
mit 30 1 Mediumsaustausch pro Tag gestartet. Auf der 
Filtratseite der Membran wurde das kondit ioniecte Medium - 
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abgezogen und durch dea Zuiauf von f risctiem Medium ersetzt. 
Das Zuiauf medium vurde wie folgt verst&rlct: Primatone von 
0.25% auf 0.35%, Glutamin von 5 mM auf 6 mM und Glucose von 
4 g/1 auf 6 g/1. Die Perfusionsrate vurde da an am 3. und 4. 

5 Tag auf 72 1 Medium/Tag und am 5. Tag auf 100 1 Medium/Tag 
ertidht. Nach 120 Stunden der kontinuier lichen Zflchtung wucde 
die Fermentation beendet. Unter den gegebenen Fecmen- 
tationsbedingungen erfolgte exponent ielles Zellvachstum bis 
40xl0 6 Zellen/ml. Die Verdopplungszeit dec Zel lpopulation 

10 betrug bis 10x10* Zellen/ml 20-22 Stunden und stieg dann 

mit zunehmender Zelldichte auf 30-36 Stunden an. Dec Anteil 
der lebenden Zellen lag w&hrend der gesamten Fecmentat ions- 
zeit bei 90*95%. Der HL-60 Ansatz wurde dann im Fermenter 
auf ca. 12°C heruntergektthlt und die Zellen durch 

15 Zentrif ugation (Beckman-Zentr ifuge [Model 1 J-6B. Rotor JS], 
3000 rpm, 10 min. # 4°C) geerntet. 

Tabelle 1 

20 HL-60 Medium 

Komponenten Konzentrat ionen 

rcq/1 

Caci 2 (wasserfrei) 112,644 

Ca(NO a ) 2 *4H 2 0 20 
25 CU50 4 »5H 2 0 0.498»10~ 3 

Fe(N0 3 ) 3 .9H 2 0 0.02 

FeSO. «7H.O 0.1668 

4 2 

KCi 336.72 

KN0 3 0.0309 

30 MgCl 2 (wasserfrei) 11.444 

MgS0 4 (wasserfrei) 68.37 

NaCl 5801.8 



Na 2 HP0 4 (wasserfrei) 188.408 

-3 



NaH PO «H O - 75 
2 4 2 



35 Na 2 Se0 3 »5H 2 0 9.6*10 

ZnSO »7H O 0.1726 

4 • 2 
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D-Glucose 

Giutachion (red . ) 

Hepes-Puf f er 

Hypoxanthin 
5 LinolsSure 

Liponsa*ure 

Phenolcot 

Putrescin 2HC1 

Na-Pyruvat 
10 Thymidin 

Biotin 

D-Ca-Pantothenat 

Cftol inchlorid 

Fols£ure 
15 i-Inositol 

Niacinamid 

Nicotinamid 

pa ra-Aminobenzoe satire 

Pyridoxal HC1 
20 Pyridoxin HC1 

Riboflavin 

Thiamin HC1 

Vitamin B l2 

25 L-Alanin 

L-Asparaginsaure 

L-Asparagin H 2 0 

L-Arginin 

L-Arginin HC1 
30 L-Aspartat 

L-Cystin 2HC1 

L-Cystein HCi»H 2 o 

L-Glutaminsaure 

L-Glutamin - 
35 L-GlyVTH 

L-Histidin 

L-Histidin HC1»H 0 0 



17 - 

4000 
0.2 

2383,2 
0.954 
0,0168 
0.042 
10,24 

0.0322 
88 
0.146 
0,04666 
2.546 
5,792 
2.86 
11.32 
2,6 

0,0074 
0.2 

2.4124 
0.2 

0,2876 

2.668 

0,2782 

11.78 
10 

14,362 
40 

92,6 

33,32 

62,04 

7,024 
36,94 
730 

3 

27.392 
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10 



L-Hyd r oxypy r o i in 


4 


L-IsoLeucin 


73.788 


L-Leucin 


75,62 


L-Lysin HCl 


102,9 


L-Methlonin 


21,896 


L-Phenylalanin 


43.592 


L-Prolin 


26.9 


L-Ser in 


31,3 


L-Threonin 


53 


L-Tryptophan 


11.008 


L-Tyrosin»2Na 


69,76 


L-Valin 


62.74 



15 



20 



Penicillin/Streptomycin 100 U/ml 

insulin (human) 5 ug/ml 

Tranferrin (human) 15 ug/ml 

Rinderserumalbumin 67 ug/ml 
Pcimatone HL (Sheffield Products. 

Norwich NY. USA) 0,25% 
Pluronic F68 

(Secva. Heidelberg. BHD) 0,01% 

Fdcales tcaiberserura 0.3-3% 



Das Zentrifugat wurde rait isotonem Phosphatpuf f er (PBS; 
25 0.2 g/1 KC1. 0.2 g/1 KH 2 P0 4 . 8.0 g/1 NaCl. 2.16 g/1 
Na^HPO^ • 7H-0), der mit 5% Dimethy lfocmaraid . 10 mM 

2 4 2 

Benzamidin, 100 E/ral Aprotinin, 10 uM Leupeptin. 1 uM 
Pepscatin. 1 mM o-Phenanthrolin. 5 raM Jodacetamid, 1 mM 
Phenylmethylsulf onylf luocid versetzt war (im folgenden als 
30 PBS-M bezeichnet), gevaschen. Die gewaschenen Zellen vucden 
bei einer Dichte von 2.5*10 8 Zellen/ml in PBS-M mit 
Triton X-100 (Endkonzentcation 1.0%) extrahiert. Der Zell- 
extrakt vurde durch Zentr if ugation geklMrt (15 '000 x g. 
1 Stunde; 100*000 x g, 1 Stunde). 

35 
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Be i spiel 3 

Herstelluna von monoklonalen (TNT-BP) -Ant ikftr pern 

5 Ein gemSss Beispiel 2 ethaltener Zentr iCugationstiber- 

stand aus Kultivierung von HL60-Zellen im expec imentellen 
Labormasstab wurde im Verhdltnis 1:10 mit PBS verdUnnt. Der 
verdtinnte Ueberstand wurde bei 4°C auf eine S£ule aufge- 
tcagen (Flusscate: 0,2 tnl/min.). die 2 ml Affigel 10 ent- 

10 hielt (Bio Bad Katalog Nc. 153-6099), an das 20 mg rekom- 
binantes huroanes TNF-a [Pennica, D. et al. (1984) Nature 
312 , 724; Shirai. T. et al. (1985) Nature 311. 803; Wang. 
A.M. et al. (198S) Science 228 . 149] gem£ss den Empf ehlungen 
des Herstellers gekoppelt worden war. Die Sdule wurde bei 

15 4°C and einer Durchf lussrate von 1 ml/min zuerst mit 20 ml 
PBS . das 0.1% Triton X 114 enthielt und danach mit 20 ml PBS 
gewaschen. So angereichertes TNP-BP wurde bei 22°C und einer 
Flussrate von 2 rel/min mit 4 ml 100 mM Glycin. pH 2.8. 0.1% 
Decylraal tosid eluiert. Das Eluat wurde in einer Centricon 30 

2Q Einheit [Amicon] auf 10 ul konzentr iert . 

10 ul dieses Eluates wurden mit 20 ul vo 1 Is tSnd igem 
Freundschen Ad ju vans zu einer Emulsion geraischt. Je 10 ul 
der Emulsion wurden gemSss dem von Holmdahl. R. et al. 
25 [(1985), j. Immunol. Methods jLl. 379] beschc iebenen Ver- 
fahren an den Tagen 0. 7 und 12 in eine hintere Fusspfote 
einer nar kotisier ten Balb/c-Maus injiziert. 

Am Tag 14 wurde die immunisierte Maus getdtet. der 

30 popliteale Lymphknoten herausgenoraroen. zerkleinert und in 

i6cove'e Medium ( IMEM. GIBCO Katalog Nr. 074-2200). das 

2 g/1 NaHC0 3 enthielt. durch wiederholtes Pipettieren 

suspendiert. Gem£ss einem mod if izierten Verfahren von De 

St.Groth und Scfceidegger [J. Immunol. Methods (1980). 35*. l] 
. . . 7. . _ __. . 7 

35 wurden 5x10 Zellen des Lymphkno tens mit 5x10 PAI Maus- 

-Myelomazellen (J.W. Stocker et al.. Research Disclosure. 

217. Mai 1982. 155-157). die sich in logar ithmischem 



B-318 






- 20 - 

Wachstum befanden. fusioaiert. Die Zellen wurden gemischt. 
durch Zentrifugation geaammelt und dutch leichtes Schtitteln 
in 2 ml 50% (v/v) Polyethylenglycol in I MEM bei Raumtempera- 
tur cesuspendLert und dutch langsame Zugabe von 10 ml XMEM 

5 wdhrend 10 Minuten votsichtigen SchOttelns verdUnnt. Die 
Zellea wurden dutch Zenttif ugat ion gesammelt und in 200 ml 
vollstandigem Medium [ XMEM + 20% fdtalee KSlberserum. 
Glutamin (2.0 mM) , 2-Mercaptoethanol (100 uM) . 100 uM 
Hypoxanthine. 0.4 itM Atainopter ine und 16 yM Thymidine 

10 (HAT) ] resuspendiert. Die Suspension vutde auf io Gewebe- 
kulturschalen. die jeweils 96 Vettiefungen enthielten, 
vecteilt und ohne Wechsel des Mediums bei 37°c in einec 
Atmosphere von 5% C0 2 und einec reiativen Luf tf euchtigkeit 
von 98% 11 Tage lang inkubiect, 

15 

Die Antikdrper zeichnen sich aus durch ihre inhibietende 
Wirkung auf die TNP-Bindung an HL60-Zellen oder durch ihre 
Bindung an Antigen im Filtertest gemass Beispiel X. Zum 
Nachveis der biologischen Aktivitlt von ant i(TNF-BP) -Anti- 

20 korpern wurde f olgendetmassen verfahren: SxlO 6 HL60 oder 
U937-Zellen wurden in vol Is tandigem RPMI 1640 Medium 
zusammen mit af f initatsgereinigten monokionalen anti- 
-(TNF-BP)-Antikdrpern oder Kontrollantikorpern (d.h. 
solchen. die nicht gegen TNF-BP gerichtet sind) in einem 

25 Konzenttationsbereich von l ng/ral bis 10 ug/ml inkubiett. 
Nach einet Stunde Inkubation bei 37«c wutden die Zellen 
durch Zentrifugation gesammelt und mit 4.5 ml PBS bei 0°C 
gewaschen. Sie wurden in l ml voilstandigem RPMI 1640 Medium 
(Beispiel 2). das zueatzlich 0.1% Natriumazid und X25 i- 

30 -TNFa (10 cpm/ml) mit oder ohne Beigabe von unmar- 

kiertem TOFa (s.o.) enthielt, resuspendiert. Die spezifi- 
sche Radioaktivitat des X25 l-TNFa betrug 700 Ci/mmoL. 
Die Zellen wurden 2 Stunden bei 4<>C inkubiert. gesammelt und 
4 mal mit 4.5 mi PBS. das l% BSA und 0,001% Triton X 100 

35 (Fluka) enthielt. bei 0°C gewaschen. Die an die Zellen 

gebundene Radioaktivitat wurde in einem Y-Scinti ilations- 
zahler gemessen. In einem vergleichbaren Experiment wurde 
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die zellgebundene Radioaktivitdt von Zellen, die nicht mit 
anti-(TNF-BP)-Antikdrpern behandelt worden waren, bestimmt 
(ungefahr 10 000 cpm/5xl0 6 Zellen). 

5 Beisoiel 4 

Af f inita tschromatoaraphie 

FUr die veitere Reinigung wucden jeweils ein gemass 

10 Beispiel 3 erhaltener monoklonaler anti-(55 kD TNF-BP) -Anti- 
kSrper (2.8 mg/ml Gel), TNFa <3.0 rag/ml Gel) und Rinder- 
serumalburain (BSA. 8,5 mg/ml Gel) gemass den Vorschriftea 
des Hecstellers kovalent an CNBr-aktivierte Sepharose 4B 
(Pharmacia, Uppsala, Schweden) gekoppelt. Dec gemass 

15 Beispiel 2 erhaltene Zellextrakt wurde Uber die so hecge- 
stellten und in der folgenden Reihenfoige hintereinander- 
geschalteten saulen geleitet: BSA-Sepharose-Vorsaule, Imraun- 
aff iniUUssSule IAnti-(55 kD-TNF-BP ) -Ant ikdr pec J . TNFa- 
-Ligand-Af f inita tssSule. Nach vollstandigem Auftcag wucden 

20 die beiden letztgenannten saulen abgetrennt und einzeln flic 
sich rait je 100 ml der folgenden Put f erlosungen gewaschen: 
(1) PBS, i.o% Triton X-100, 10 mM Benzamidin. loo E/ml 
Aprotinin: (2) PBS. 0,1% Triton X-100, o,5M NaCl. 10 mM ATP, 
10 mM Benzamidin, 100 E/ml Aprotinin; und (3) PBS, 0, l\ 

25 Triton X-100, lO mM Benzamidin. 100 E/ml Aprotinin. Sowohi 
die Immun- als auch die TNFct-Ligand-Af f initatssaule wucden 
dann mit 100 mM Glycin pH 2.5. 100 mM NaCl, 0,2% Decyl- 
maltoside. 10 mM Benzamidin, 100 E/ml Aprotinin jede far 
sich eluiert. Die im Filtertest gemass Beispiel 1 aktiven 

30 Fraktionen jeder saule wurden danach jeweils vereint und mit 
1M Tris pH 8.0 neutcalisiect . 

Die so vereinten TNF-BP-akt iven Fraktionen der Immun- 
-Af f initatschcomatographie einerseits und der TNFa-Ligand- 
35 -Af f ini tatschroraa togcapftie andererseits wurden zur weiteren 
Reinigung nochoals auf je eine kleine TNFa-Ligand-Af f ini- 
tatssaule aufgetragen. Danach wurden diese beiden Saulen mit 
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je 40 ml von (1) PBS. 1.0% Tciton X-100. 10 mM Benzaraidin. 
100 E/ml Aprotinin. (2) PBS. 0.L% Triton X-100. 0.5M Naci. 
10 mM ATP. lOmM Benzamidin. 100 E/ml Aprotinin. (3) PBS, 
0.1* Triton X-100. (4) 50 raM Tris pH 7.5. 150 mM NaCl. i.o% 

5 NP-40. 1.0% Desoxycholat, 0.1% SDS, (5) PBS. 0.2% Decyl- 
maltosid gewaschen. Anschliessend vurden die Saulen rait 
100 mM Glycin pH 2.5. 100 mM NaCl. 0.2% Decylmaltosid 
eluiert. Fraktionen von O.S ml von jeder SSule wurden fUr 
sich gesammelt und die gemass Filtertest (Bei6piel 1) 

10 aktiven Fraktionen von jeder saule jeweils fur sich vereint 
und in einer Centr icon-Einheit (Amicon, Molekulargewichts- 
-Ausschluss 10' 000) auf konzentr ier t . 

Beispiel S 

15 

Auftrennunq mittels HPLC 

Die gemSss Beispiel 4 erhaltenen aktiven Fraktionen 
wurden gemSss ihrer unterschiedl ichen Herkunft (Immun- bzw. 

20 Ligand-Af f init£tschromatographie) Jeweils fiir sich auf C1/C8 
Umkehrphasen-HPLC-saulen (ProRPC. Pharmacia. 5x20 mm), die 
mit 0.1% Tr if luoressigsa*ure. 0.1% Octylglucosid equilibriert 
worden waren. aufgetragen. Die Sdulen wurden dann mit einem 
linearen Acetonitr il-Gradi enten (0-80%) im gleichen Puffer 

25 bei einem Fluss von 0.5 ml/min eluiert. Fraktionen von 
1.0 ml wurden von jeder S3ule gesammelt und die aktiven 
Fraktionen von jeder S3ule fOr sich vereint (Nachweis geraass 
Beispiel 1). 

Beispiel 6 

30 

Auftrennuno mittels SDS -PAGE 

Die gemass Beispiel 5 erhaltenen und geraass Filtertest 
(Beispiel 1) aktiven Fraktionen wurden durch SDS-PAGE gemass 
36 [34] weiter aufgetrennt. Dazu wurden die Proben in SDS- 
-Probenpuf f er w3hrend 3 Minuten auf 95*C echitzt und 
anschliessend auf einem 12% Aery lamid-Trenngel mit einem 
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5%igen Sammelgel elektrophoretisch aufgetrennt. Ale Referenz 
zuc Beetimmung der scheinbaren Molekulargewichte auf dem 
SDS-PAGE Gel wurden die folgenden Eichproteine vervendet: 
Pboephorylase B (97.4 kD). BSA (66,2 kD) . Ovalbumin 
(42.7 kD), Carboanhydcase (31. o kD). Soya Trypsin-lnhibitor 
(21.5 kD) und Lysozym (14.4 kD). 

Untec den genannten Bedingungen wurden fflr Proben. die 
gemass Beispiel 4 durch TOF-a-Ligandenaf f initatschromato- 
graphie von Immunaf f initatschtoraatographieeluaten erhaiten 
und durch HPLC gemass Beispiel S weiter aufgetrennt worden 
waren. zwei Banden von 55 kD und 51 kD sowie drei schwachere 
Banden v % on 38 kD. 36 kD und 34 kD erhaiten. Diese Banden 
wurden in einem Mini Trans Blot System (BioRad. Richmond. 
California. USA) elektcophoretisch wahrend 1 Stunde bei 
100 V in 25 mM Tris. 192 mM Glycin. 20* Methanol auf eine 
PVDF-Membran (Immobilon. Millipore. Bedford. Mass. USA) 
transfeciert. Danach wurde die PVDF-Membran entweder mit 
0,15% Serva-Blau (Serva. Heidelberg. BRD) in Methanol/Was- 
ser/Eisessig (50/40/10 Voiumentei le) auf Protein gefarbt 
oder mit entfettetera Milchpulver blockiert und anschliessend 
zum Nachweis von Banden mit TNF-BP-Akt ivitat rait 125 i- 
-TNFa gemass den in Beispiel 1 beschr iebenen Filtertest- 
bedingungen inkubiert. Dabei zeigte sich. dase alle in der 
ProteinfSrbung zur Darstellung gelangten Banden spezifisch 
TNFa banden. Alle diese Banden banden im Western Blot nach 
Towbin et al. f3B) auch den gemass Beispiel 3 hergestel Iten 
monoklonalen Ant i-55kD-TNF-BP-Antik8rper . Dabei wurde ein 

9e i25 8 deiD Ln Beispiel 1 beschriebenen Verfahren rait 
Na I radioaktiv markierter. af f initatsgereinigter 
(Mausimmunglobulin-Sepharose-4B-Af f initatssaule) 
Kaninchen-anti-Maus-Immunogiobulin-Antikdrper zum 
autoradiographischen Nachweis dieses Antik8rpers eingesetzt. 

Proben. die gemass Beispiel 4 d u r c h ~z we i ma 1 i g e~ TNF - a - 
-Ligandenaf f initatschromatographie des Durchlaufs der Immun- 
af finicatschroma tographie erhaiten und durch HPLC gemass 
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Beispiel 5 welter aufgetrennt worden waren, zeigten unter 
dea oben spezif izierten SDS-PAGE- und Blottransf et-Be- 
dingungen 2wei zus£tzliche Banden von 75 kD und 65 kD, die 
beide in Filtertest (Beispiel 1) spezifisch TNP banden. im 

5 Western Blot gemass Towbin et al. (e.o.) reagierten die 

Proteine dieser beiden Banden nicht mit dem gemass Beispiel 
3 hergesteliten anti-(55 kD TNF-BP)-Antik6rper . Sie reagier- 
ten allerdings nit einem monoklonalen Antikdrper, der 
ausgehend von der 75 kD-Bande (anti-75 kD TNF-BP-Ant ikorper ) 

10 geraass Beispiel 3 erzeugt worden war. 

Beispiel 7 

Aminosauresequenzanaiyse 

15 

Zur Arainos£uresequenzanalyse wurden die gemass Beispiel 
5 ertialtenen und gemass Filtertest (Beispiel 1) aktiven 
Fraktionen mittels der in Beispiel 6 beschr iebenen, nun 
jedoch reduzierenden, SDS-PAGE Bedingungen { SDS-Pr obenpuf f er 

20 ra it 125 mM Di thiothreitol ) aufgetrennt. Es wurden die 

gleichen Banden wie gemass Beispiel 6 gefunden. die aller- 
dings auf Grund der ceduz iecenden Bedingungen der SDS-PAGE 
im Vergleicti zu Beispiel 6 alle urn etwa 1-2 kD hdhece 
Molekulargewichte zeigten. Diese Banden wurden dann gemass 

25 Beispiel 6 auf PVDF-Membranen ubertragen und mit 0,15% 
Serva-Blau in Methanol/Wasser/Eisessig (50/40/10 Volumen- 
- teile) wShrend l Minute gefarbt, rait Methanol/Waseer /Eis- 
essig (45/48/7 Volumenteile) entfarbt, mit Wasser geepttlt. 
luf tgetrocknet und danach ausgesctmi tten . Bei sdmtlichen 

30 Schritten wurden zur Vermeidung von N-terminaler Blockierung 
die von Hunkapilier [34J angegebenen Bedingungen einge- 
tialten. Zundchst wurden die gereinigten TNF-BP unver3ndert 
zur AminosMuresequenzierung eingesetzt. Urn zusatzliche 
Sequenzinf oc matron zu erhalten, wurden die TNF-BP nach 

35 Reduktion und S-Ca rboxyme thy 1 ie rung [Jones. B.N. (1986) in 
"Mechod6 of Protein Hicrocharacter isation" , J.E. Shively. 
ed. f Humana Press. Clifton NJ, 124-125] mit Bromcyan (Tarr. 
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G.B* in "Methods of Protein Microcharacterisation", 165-166. 
op.cit.K Trypsin und/oder Proteinase K geepaiten und die 
Peptide mittels HPLC nach belcannten Methoden der Protein- 
chemie aufgetrennt. So vorbereitete Proben wurden dann in 
einem automatisierten Gasphasen-Mikroseguenzier-Gerat 
(Applied Biosystems Mode 11 470A. ABI. Foster City. Calif. . 
USA) ait einem on-line nachgeschalteten automatisierten HPLC 
PTH-Aminosaureanalysator (Applied Biosystems Modeil 120. ABI 
e.o.) sequenziert, wobei die folgenden AminosMuresequenzen 
bestimmt wurden: 



1.. Fttr die 55 kD-Bande (gemass nichtreduzierender SDS-PAGE) 
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Giu-Lys-Arg-Asp-Ser-Val- 

Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gin-X-Asn-Ser-Iie. 
und 

Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr-Thr- 
Lys 

wobei X fUr einen Aminosdurerest stent, der nicht 
bestimmt werden konnte. 

2.. Fttr die 5X kD und die 38 kD-Banden (gemass 
nichtreduzierender SDS-PAGE): 
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu 

3., Fttr die 65 KD-Bande (gemass nichtreduzierender SDS-PAGE): 
Bei der N-terminalen Sequenzierung der 65 kD Bande 
wurden bis zun 15. Rest ohne Unterbrechung zwei 
parallele Sequenzen ermittelt. Da eine der beiden 
Sequenzen einer Teilsequenz des Ubiquitins [36.37] 
entsprach. wurde fUr die 65 kD-Bande die folgende 
Sequenz abgeleitet: 
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Leu-Pco-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pco-Glu-Pro-Giy- 
Sec-Thc-Cys, 

wobei X £Uc einen Arainosaurerest steht, dec nicht 
bestimmt wecden konnte. 

Weitece Peptidsequenzen fQr 75 (65) kDa-TNP-BP wurden 
bestinunt : 



Ile-X-Pco-Gly-Phe-Gly-Val-Ala-Tyr-Pco-Ala-Leu-Glu 
und 

Sec-Gln-Leu-Glu-Thc-Pco-Glu-Thc-Leu-Leu-Gly-Sec-Thc-Glu- 
Glu-Lys-Pco-Leu 
und 

val-Phe-Cys-Thr 
und 

Asn-Gln-Pco-Gln-Ala-Pco-Gly-Val-Glu-Aia-Sec-Gly-Aia-Gly- 

Glu-Ala 

und 

Leu-Cys-Ala-Pco 
20 und 

Val-Pto-His-Leu-Pro-Ala-Asp 
und 

Gly-Sec-Gln-Gly~Pco-Glu-Gln-Gln-X-X-Leu-lle-X-Aia-Pco 

25 wobei X flic einen Aminos&urecest steht. dec nicht 

bestinunt wecden konnte. 

Beigplel 8 

30 Bestimmunq von Basen-Sequenzen von komp I ementacer DNA ( cPNA) 

Ausgehend von dec Aminosaureeequenz gemass Pocmel IA 
wurden untec Beciicksicht igung des genetischen Codes zu den 
Arainosauceres ten 2-7 und 17-23 entspcechende . vollstandig 
35 degeneciecte Oligonucleotide in geeignetec Komplementar i tSt 
synthetisiect ("sense" and "antisense" Oligonucleotide). 
Totale zelluldce RNA wucde aus HL60-Zellen isoliert [42, 
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431. und dec ecste cDNA-Sttang duceb Oligo-dT-Pr iming odec 
dutch Pcining mit dem "antisense" Oligonucleotid mittels 
eines cDNA-Synthese-Kits (RPN 1256. Amersham. Amersham. 
England) gemSss dec Anleitung des Hecstellecs synthetisiect . 
Diesec cDNA-Stcang und die beiden synthetisiecten degene- 
cierten -sense" und "anti-sense" Oligonucleotide wucden in 
einer Polymeraee-Kettenreaktion (PGR. Perkin Elmer Cetus. 
Nocwalk. CT. USA gemSss Anleitung des Hecstellecs) dazu 
verwendet. die fur die Aminosauce-Reste 8-16 (Pocmel IA) 
codiecende Baseseguenz a Is cDNA-Fcagment zu synthetis iecen. 
Die Basensequenz dieses cDNA-Fcagraentes lautet: 
5 ' -AGGGAGAAGAGAGATAGTGTGTGTCCC-3 ' . Dieses cDNA-Fragment 
wucde als Probe vecwendet. urn nach bekannten Vecfahcen einen 
far das 55 KD TNF-BP codiecenden cDNA-Klon in einec 
Xgtll-cDNA-Genbank von menschlichec Placenta zu identifi- 
ziecen (42.43). Diesec Kion wucde dann nach tiblichen 
Methoden aus dem \-vektoc geschnitten und in die Plasmide 
pUC18 (Phacraacia. Uppsala. Sweden) und P UC19 (Phacmacia. 
Uppsala. Sweden) und in die M13mpi8/M13mpl9 Bacteriophagen 
(Phacmacia. Uppsala. Sweden) kloniect (42.43). Die iJukieo- 
tidseguenz dieses cDNA-Klons wucde mit einem Sequenase-Kit 
(U.S. Biochemical. Cleveland. Ohio. USA) nach den Angaben 
des Hecstellecs bestimmt. Die Nukleotidsequenz und die 
dacaus abgeleitete Aminosaucesequenz ftlc das 55 kD TNF-BP 
und dessen Signalpeptid (Aminosauce »-2B" bis Aminosauce 
-0") ist in Figur I mittels dec im Stand dec Technik 
Ublichen AbkUczungen ftlc Basen wie Aminosauren dacgestellt. 
Aus Sequenzvecgleichen mit andecen. beceits bekannten 
Bezeptorpcoteinsequenzen lassen sich uogefatic 180 Araino- 
saucen enthaltende N-terminale wie 220 Aminosauce 
enthaltende C-tecminale Domanen. die von einec nach den 
Sequenzvecgleichen typischen Tcansmembcan-Region von 19 
Aminosaucen (in Figuc l untecstcichen) getcennt wecden. 
bes ti nmen • Hypothetische Glykosyllecungsstel len sind_in 
Figuc "l" dutch Stecne'ubec dec entspce"chenden"Amino~s7Iice 
gekennzeichnet. 
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Beisolel 9 
Expression in COS l-Zellen 

5 Fiir die Expression in COS-Zellen vucden Vektoren 

ausgehend von den Plasmid "pNll" konstruiert. Das Plasmid 
"pNH" enthait den effizienten Promotor und Enhancer dee 
"major immediate-early" Gens des menschlichen Cytoraegalo- 
virus ("HCMV"; Boshart et al. # Cell 41, 521-530. 1985). 

^0 Hinter dem Promotor befindet sich eine kurze DNA-Sequenz, 
velche mehrere Res tr iktionsschnittstellen enthSlt. die nur 
einmal im Plasmid vorkommen ("Polylinker M ) . u.a. die 
Schnittstellen fur HindlU, Ball. BamHI und PvuII (siehe 
Sequenz). 

15 

Pvull 

5 • -AAGCTTGGCCAGGATCCAGCTGACTGACTGATCGCGAGATC-3 1 
3 * -TTCGAACCGGTCCTAGGTCGACTGACTGACTAGCGCTCTAG-5 ■ 

20 Hinter diesen Schnittstellen befinden sich drei Transla- 

tions-Stopcodons in alien drei Leserastern. Hinter der Poly- 
linkersequenz befindet sich das 2. Intron und das Polyadeny- 
lierungssignai des Pr3proinsulingens der Ratte (Lomedico et 
al.. Cell V8. 545-558. 1979). Das Plasmid enthait ferner den 

25 Replikationsursprung des SV40 Virus sowie ein Fragment aus 
PBR322. das E. col i-Bakter ien Ampicillin-Sesistenz verleiht 
und die Replikation des Piasmids in E . coli ermdgiicht. 

Zur Konstruktion des Expressionsvektors "pN123 tt wurde 
30 dieses Plasmid «pNll« mit der Reetr iktionsendonuklease PvuII 
geschnitten und anschliessend mit alkalischer Phosphatase 
behandelt. Der dephosphoryl ierte Vektor wurde danach aus 
einem Agarosegel isoliert (VI). Die 5 • -UberhSngenden Nukleo- 
tide des EcoRl-geschnietenen l. 3 Jcb-Fr agraents der 55 kD 
35 TNF-BP-cDNA (siehe Beispiel 8) wurden mit Hilfe von Klenov- 
-Bnzyro aufgeftillt. Anschliessend wurde dieses Fragment aus 
einem Agarosegel isoliert (Fl). Danach wurden VI und FL 
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mittels T4-Ligase raiteinander verbunden. E. coli HBIOI-Zel- 
len wurden dann mit diesem Ligierungsansatz nach bekannten 
Methoden [42] transf ormiert . Mit Hilfe von Restr iktions- 
) anaiysen und DNA-Sequenzierung nach bekannten Methoden [42] 

5 wurden Traneformanten identif iziert . die nit einem Piasmid 
transformiert wotden varen. welches das i,3kb pcoRI-Fragraent 
dec 55 IcD TNF-BP-cDNA in der fttr die Expression tiber den 
HCMV-Proraotor korrekten Orientierung enthielt. oiesec Vektoc 
erhielt die Bezeichmmg "pN123 M . 

10 

Zur Konstruktion des Vektors rt pK19" wurde folgender- 
W massen verfahren. Ein DNA-Fragment. welches nur die f(ir den 

extrazellularen Teil des 55 kD TNF-BP codierende cDNA 
enthait (AminosSuren -28 bis 182 gemass Figur 1) wurde 
15 mittels PCR-Technologie erhalten (Saiki et al.. Science 230 . 
1350-1354. 1985, siehe auch Beispiel 8). Die folgenden 
Oligonukleotide wurden. urn die f(ir den extrazellularen Teil 
des 55 kD TNF-BP codierende cDNA aus M pN123 M zu amplifi- 
zieren. verwendet : 

20 ;: - 

BAMHI 

5 ' - CACAGGGATCCATAGCTGTCTGGCATGGGCCTCTCCAC- 3 • 

£ ASP718 

25 3 • - CGTGACTCCTGAGTCCGTGGTGTATTATCTCTAGACCATGGCCC - 5 

Durch diese Oligonukleotide wurden ebenfalls zwei 
Stopkodons der Translation hinter Aminosaure 182 eingeflihrt. 
Das so amplif izierte DNA-Fragment wurde mit BamHI und Asp7l8 

30 geschnitten. die hierbei entstandenen Oberstehenden Enden 
mit Hilfe des Klenow-Enzyras aufgefiillt und dieses Fragment 
anschiiessend aus einera Agarosegel isoliert (F2). F2 wurde 
dann mit VI ligiert und der gesamte Ansatz zur Transforma- 
tion von E ' colir HB101. wie berelts beschrieben. verwendet. 

35 TransCormanten, die mit einem Piasmid tranef ormier t worden 
waren, welches das DNA-Fragment in der fiir die Expression 
iiber den HCKV-Promotor korrekten Orientierung enthielten. 
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wurden mittels DNA-Sequenzierung (s.o.) identif iziect . Das 
daraus isolierte Plasmid erhielt die Bezeichnung "pK19'\ 

Tcansfektion det COS-Zellen mit den Plasmiden tt pN123 H 
5 oder "pK19 M wurde nacb dec von Feigner et al. verdffent- 

lichten Lipof ections-Methode (Proc. Natl. Acad. Sci. USA 84. 
7413-7417. 1987) durchgef flhrt . 72 Stunden nach erfolgter 
Transfektion wurden die nit tt pNi23» transfizierten Zellen 
nach bekannten Mettioden mit 125 I-TNFa auf Bindung analy- 
10 siert. Das Resultat der Scatchard-Analyse [Scatchard. G.. 
Ann. N.Y. Acad. Sci. 51, 660. 19491 der so erhaltenen 
Bindungsdaten (Pigur 2A) 1st in Figur 2B dargestellt. Die 
KulturQbersUinde der mit »pKl9» transfizierten Zellen wurden 
in einem "Sandwich w -Test untecsucht. Dazu wurden PVC-Micro- 
1S titerplatten (Dynatech. Arlington. VA, USA) mit 

10O ul/Loch eines Kaninchen-ant i-Maus Immungiobulins 
(10 ug/ml PBS) sensibil is ier t . Anschliessend wurde die 
Platte gewaschen und mit einem anti-5S kD TNP-BP-Ant ikdrper . 
der gemSss Beispiel 3 durch seine Ant igenbindung nachge- 
20 wiesen und isoliert wurde. dec aber die TNF-Bindung an 
Zellen nicht inhibiert. inkubiert (3 Stunden. 20°C) . Die 
Platte wurde dann wieder gewaschen und liber Nacht bei 4»C 
mit 100 ul/Loch der Kulturiiberstande (1:4 verdQnnt mit l% 
entfetteter Milchpulver enthaltendero Puffer A: so mM 
25 Tris/HCl pH 7.4. 140 mM NaCl. 5 mM EDTA. 0.02% Na-Azid) 
inkubiert. Die Platte wurde entleert und mit l25 l-TNFa 
enthaltendem Puffer A <10 6 cpm/ml. 100 ul/Loch) mit oder 
ohne Zusatz von 2 ug/ml unmarkiertera TNF wahcend 2 Stunden 
bei 4"C inkubiert. Danach wurde die Platte 4 mal mit PBS 
30 gewaschen. die einzelnen Ldcher wurden ausgeschnit ten und in 
einem Y-zahler gemessen. Die Resultate von 5 parallelen 
Transfektionen (S^ulen ft 2. 3. 4. 6 und 7). von zwei 
Kontcoll-Transfektionen mit dem pNli-Vektor (Saulen # l. 5) 
und von einer Kentroile mit HL60-Zell-Lysat (Saule * 8) sind 
35 in Figur 3 dargestellt. 



B-329 



: t v/V ~- 

- 31 - 
Beisoiel 10 
Expression in Insektenzelleq 

5 Fttr die Expression in einem Baculovirus-Expresa ions- 

system vurde von dem Plasmid u pVL941* (Luckow und Summers, 
1989, "High Level Expression of Nonfused Foreign Genes vith 
Autographa California Nuclear Polyhedrosis virus Expression 
Vectors n . Virology 170 , 31-39) ausgegangen und dieses 

10 f olgendermassen modifiziert. Es wurde die einzige EcoRI- 
-Restriktionsschnittstelle in w pVL941 H entfernt, indem das 
Plasmid mit EcoRI geschnitten und die Ubers tehenden 5 1 -Enden 
mit Klenow-Enzym aufgeftillt wurden. Das hieraus erhaltene 
Plasmid pVL941/E- vurde mit BamHI und Asp718 verdaut und der 

15 Vektorrumpf anschliessend aus einem Agarosegel isoliert. 

Dieses Fragment wurde mit einem synthetischen Oligonuk leot id 
der folgenden Sequenz ligiert: 

BamHI EcoRI A8p718 
20 5 1 - GATCCAGAATTCATAATAG - 3 ' 

3 • - GTCTTAAGTATTATCCATG - 5 • 

E. coli HB101 wurde mit dem Ligierungsansatz trans- 
formiert und Transf ormanten. die ein Plasmid enthielten, in 

25 welches das Oligonukleotid korrekt eingebauc worden war, 

wurden durch Restrikt ionsanalyse und DNA-Sequenz i erung nach 
bekannten Methoden (s.o.) identif izier t ; dieses Plasmid 
wurde ,, pNR704" genannt. Zur {Construction des Transf ervektors 
w pNli3 , » wurde dieses Plasmid M pNR704 M mit EcoRI geschnitten, 

30 mit alkalischer Phosphatase behandelt und der so erzeugte 
Vektorrumpf (V2) anschliessend aus einem Agarosegel iso- 
liert. Das wie oben mit EcoRI geschnittene 1.3 kb-Fragment 
der 55 kD TNF-BP-cDNA wurde mit Fragment V2 ligiert. Mit 
diesem Ligierungsansatz erhaltene Transf ormanten* die ein 

35 Plasmid enthielten. welches das cDNA- Insert in der korrekten 
Orientierung ftir die Expression Qber den Polyhedr inpromotor 
enthielten* wurden identif iziert (s.o.)* Der dacaus iso- 
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lierte Vektor echielt die Bezeichnung »pNH3". 

Zur KonsccuJction dee Transfetvektors "pmi9" wurde 
folgendecmassen vorgegangen. Das 1.3 leb EcoHl/BcoSI -Fragment 
5 der 55 kD TNF-BP cDNA in dem "pUC19"-Plasmid (siehe BeispieL 
8) wurde mit BanI vecdaut und mit dem folgenden syntheti- 
schen Oligonukleotid ligiert: 

BanI A8p7is 
0 5' - GCACCACATAATAGAGATCTGGTACCGGGAA - 3' 

3' - GTGTATTATCTCTAGACCATGGCCC - 5' 

Mit dem obigen Adaptor werden zwei Stopcodons der 
Translation hintec Aminosaure 182 und eine Schnittstelle fur 
5 die Restriktionsendonuklease Asp718 eingebaut. Nach er- 
folgter Ligation wurde dec Ansatz nit EcoHl und Asp7l8 
vecdaut und das pactielle S5 kD TNF-BP-Fragment (F3) 
isoliect. Weiterhin wurde das ebenfalls mit Asp7l8 und EcoRl 
geschnittene Plasmid 'pNR704» mit F3 ligiert und der Ligie- 
rungsansatz in E. coli HB101 transf ormier t . Die tdentifika- 
tion der Transf ormanten. welche ein Plasmid enthielten, in 
das die partielle 55 kD TNF-BP cDNA korrekt fur die Expres- 
sion integriert worden war. ereolgte wie bereits beschrie- 
ben. Das aus diesen Transf ormanten isolierte Plasmid erhielt 
den Namen "pN119 n . 

Zur Konstcuktion des Transf ervektors "pNl24" wurde 
folgendermassen vorgegangen. Das in Beispiel 9 beschriebene. 
filr den extrazel lularen Teil des 55 kD TNF-BP codierende 
cDNA-Fragment wurde mit den angegebenen Oligonukleotiden mit 
Hilfe der PCR-Technologie. wie in Beispiel 9 beschrteben. 
amplif iziert. Dieses Fragment wucde mit BamHt und Asp718 
geschnitten und aus einem Agacosegel isoliect (F4). Das 
Plasmid "pNR704~ wucde ebenfalls mit BamHI und Asp7l8 
geschnitten und der Vektorcumpf <V4) wurde isoliect (s.o.). 
Die Fragmente V4 und F4 wurden ligiect. E. coli HB101 damit 
ttansformiert und dec rekombinante Transf ervektoc "pNl24" 
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wutde. wie beschcieben. identif iziect und isoliect. 

Zue Tcansfeletion dec Insektenzellen wucde folgendec- 
massen vocgegangen. 3 ug des Tcansf ecvektocs "pNll.3" 
5 vrurden mit 1 ug DNA des Autogcapha calif ocnica-Nukleac- 
polyhedcosisvicus (AcMNPV) (ep 127839) in Sf9-zeilen (ATCC 
CBL 1711) tcansfektiect. Polyhedcin negative Vicen wucden 
identifiziect und aus "Plagues- geceinigt [S2]. Mit diesea 
rekombinanten viren wucdan wiedecum Sf9 Zellen wie in [52] 
10 beschcieben. inffiziect. Nach 3 Tagen in Kuituc wucden die 
inf iziecten Zellen auf Bindung yon TNF mittels 125 I-TNPa 
untersucht. Dazu wurden die tcansf elttiecten Zellen nit einec 
Pasteurpipette von dec Zelllcultucschale abgewaschen und bei 
einec Zelldichte von 5xl0 6 Zellen/ml Kultucmedium [52], 
1S das 10 ng/ml I -TNF- a enthielt. sowohl in Anwesenheit 
wie Abwesenheit von 5 ug/ml nichtmackiectem TNF-a 
cesuspendiect und 2 Stunden auf Eis inkubiect. Danach wucden 
die Zellen mit reinem Kultucmedium gewaschen und die zell- 
gebundene HadioakttvitSt in einem Y-Zahlec gezShlt (siehe 
go . Tabelle 2) . 



Tabelle 2 




Zellgebundene Radioaict ivitSt 


Zellen 


pro 10 6 Zellen 


niche in£ izierte Zellen 


60 cpra 


(Kontrolle) 


infiziette Zellen 


1600 ± 330 cpm X) 
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Patentanspcdche 

1. Nicbtldsiiche Proteine und ldsliche Oder niche- 
Idsliche Fragmente davon, die TNF binden, in homogenec Poem. 0ff 

5 sowie decen physiologisch vertcSgliche Salze. 

2. Vecbindungen gemlss Anspcuch 1. die ducch Molekular- 
gewichte geraSss SDS-PAGE untec niche ceduziecenden Be- 
dingungen von etwa 55 kD und 75 fcD chacaktecisiect sind. 

10 

3. Vecbindungen gemSss einem dec Anspctiche 1 und 2, die 
wenigscens eine dec foigenden Aminosaucesequenzen enttialten: 

Leu-Val-Pco-His-Leu-Gly-A6p-Acg-Glu-Lys~Acg-Asp-Sec-Val-Cys- 
15 Pco-Gln-Gly-l*ys-Tyc-Ile-His-Pco-Gln-X-Asn-Sec-lle; 

Ser-Thc-Pco-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thc-Thr-Tlic-Ly6 ; 

Leu-Pco-Ala-Gln-Val-Ala-Phe-X-Pco-Tyc-Ala-Pco-Glu-Pro- 
20 Gly-Sec-Thr-Cys; 

Iie-X-Pco-Gly-Phe-Giy-VaUAla-Tyc-Pco-Ala-Leu-Glu; 

Sec-Gln-Leu-Glu-Thc-Pco-Glu-Thc-Leu-Leu-Gly-Sec-Thr-Glu- — 
25 Glu-Cys-Pro-Leu; 

. Vai-PHe-Cys-Thc; 

Asn-Gln-Pro-Gln-Ala-Fco-Gly-Val-Glu-Ala-Sec-Gly-Ala-Gly- 
30 Glu-Ala; 

Leu-Cys-Ala-Pro; 

Val-Pco-His-Leu-Pco- Ala-Asp; 

35 



B-337 



- 39 - 



Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro 

wobei X far einen nicht bestimmten Aminosaucetest stent. 

4. Eia Verfahren zur Isolierung einer Ver bind u tig gemass 
einen dec AnsprUche 1-3, daducch gekeanzeichnet . dass man im 
wesentlichen die folgenden Reinigungsschr i tte nacheinander 
ausfUhrt: Kerstellung eines Zellextraktes. Immunaceini tSts- 
chromatogcaphie und/odec ein- odec mehrfache Liganden- 

af finite tschromatographie. HPLC und preparative SDS-PASE. 

5. Pharraazeutische Pcapatate. daducch gekennzeichnet . 
dass sie eine odec raehrere Verbindung(en) gemass einero dec 
AnsprUche 1-3. gevttnschtenf alls in Kombination mit weiteren 
pharmazeutisch wirksamen Subtanzen und/odec nicht- toxischen. 
inecten. thecapeut isch ver tragi ichen Tcagecmatecialien 
enthalten. 

6. Verwendung einer Verbindung gemass einem der 
AnsprUche 1-3 zur Herstellung pharmazeutischer Pr3parate 
bzw. 2ur Behandlung von Krankheiten, bevorzugt solchen. bei 
denen TNF involviert ist. 

7. Gegen eine Verbindung gemSss Anspciiche 1-3 gerichtete 
Ant ikdcpec . 

8. DNA-Sequenzen, die fQr Proteine und ldsliche Oder 
nichtlttsliche Fragmente davon, die TNP binden. kodieren. 

9. Von DNA-Sequenzen gemass Anspcuch 8 kodiecte tekora- 
binante Proteine. 

10. Vektoren, die DNA-Sequenzen gemass Anspcuch 8 
enthalten und zt*r Expression dec von diesen DNA-Sequenzen 
kodi'ec te n*~P*c~o t e in'e'h *"i h"T?cokarc^ot~i s^h"en- " vie* euka cy 6 1 is c hen 
Wi r tssystemen geeignet sind. 
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11. Prokaryotische- vie euka cyot iscfce Wirtssysteme. die 
mit einem Vektor gera5s6 Anspruch 10 tcansf ocmiect vocden 
sind. 

5 12. Eia Verfahren zur Herstellung von Vecbindungen 

gemass Anapruch 9. daa daducch gekennzeichnet 1st, dass man 
ein vie in Anspcuch 11 beanspruchtes transf ormiectes Wirts- 
system in einem geeigneten Medium kultiviect und aus dem 
Wirtssystem selbst Oder dem Medium solche Vecbindungen 

10 isoliert. 
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GAATTCGGGGGGGTTCAAGATCACTGGGACCAGGCCGTGATCTCT 
CCCTCAACTGTCACCCCAAGGCACTTGG^r^ * I~ 




-30 ^tetGlyl^uSerThrValProAspLeuLeuLeiiProLeuValLeuLeuGluLeu 

•5 TCTGGCATGGGCCTCTCCACCGTGCCTGACCTGCTGCTGCCGCTGGTGCTCCTGGAGCTG 

-10 LeuValGlylleTyrProSerGlyVallleGlyLeuValProHisLeuGlyAspAroGlu 

55 TTGGIGGGAATATACCCCTCAC^ 

*** • 

10 LysArgAspSerValCysProGlnGlyLysTyrlleHisProGlnAsnAsnSerl leCys 

15 AAGAGAGATAGTGTGTGTCCCCAAGGAAAATATATC^ 

30 CysThrLysCysHisLysGlyThrTyrl^^^ 

75 TGTACCAAGTGCCACAAAGGAACCTACTTGTACAATGACTGT 



115 

30 
175 

50 
235 




70 CysI^uSerCysSerLysCysArgLysGluMetGlyGlnValGluIleSerSerCvsThr 
2 95 TGCCTCAGCTGCTCCAAATGCCGAAAGGAAATGGGTCAQ 
* * • • 

90 ValAspArgAspThrValCysGlyCysArgLysAsnGlnTyrArgHisTyrTrpSerGlu 
355 GTGGACCGGGACACCGTGTGTGGCTGCAGGAAGAACCA.GTACCGGCATTATTGGAGTGAA 

*** ^ ***. 

110 AsnLeuPheGlnCysPheAsnCysSerLeuCysLeuAsnGlyThrValHisLeuSerCvs 
415 AACCTTTTCCAGTGCTTCAATTGCAGCCTCTGCCTCAATGGGACCGTGCACCTCTCCTGC 

130 GlrGluLysGliJVsnThrValCysThrCysHisMaGlyPhePheteiiArgGluAsnGlu 
475 CftGGflGAAACAGAACAOIGTGTGCACCTGCCATGa^TT 

SX£^ Se ^ ysSer ^ nCysL y sL y sSe ^ uGluC y s 'T li rI'ysLeuCysLeuProGln 
535 TGTGTCTCCTGTAGTAACTGTAAGAARAGCCTGGAGTGaVCGJWVGTTGTGCCTACOCCAG 

lie IleG1 ^ nValLySG1 ^ t ^ luAspSe ^ GlvTtlrThr ^ a 1 T.*»..T^..P^T« lVn 1 p p 
595 ATTGA^AATGTTAAGGGCACTGAGGACTCAGGCACCACAGTGCTGTTGCCCCTGGTCATT 

*?? PhPP^lvT^llCv«;t.PnT.Pn.S 0 rT^.,r. 0 ,,Ph B T1 f n iyr^,.»„ rT .. rn ;^ r rrClnJUc : 

655 TTCTTTGGTCTTTGCCTTTTATCCCTCCTCTTCATTGGTTTAATGTATCGCTACCAACGG 

tic ^^^ysLeuTyrSerlleValCy^GlyLysSerThrProGluLysGluGlyGlu 
715 TGGAAGTCCAAGCTCTACTCCATTGTTTGTGG^ 

*** 

^2 ^ GluG1 y^^^ L ysProLeuAlaProAsnProSerPheSerProThrProGlv 
775 CTTGAAGGAACTACT ACTAAGCCCCTGGCCCCAAACCCAAGCTTCAGTCCCACTCCAGGC 

835 TTCACCCCCACCCTCKGCTTa^ 

270 TyrThrProGlyAspCysPraAsnPheAiaAlaProArgArgGluValAiaProProTvr 

895 TATACCCCCGCTGACTCTCCCAACTTTGCGGCTCCCC 

290 GlnGlyAlaAspProrieLeuAlaThrAlaLeuAlaSerAspProIleProAsnProLeu 
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310 GlnLysTrpGluAspSerAlaHisLysProGlnSerl^uAspThrAspAspProAlaThr 
1015 CAGAAGTGGGAGGACJtfjCGCCCACAAGCCACAG^ 

330 LeuTyrAl aValValGluAsnVa IP roProLeuArgTrpLy sGluPheVa lArgArqLeu 
1075 CTGTACGCCGTGGTGGAGAACGTGTC^ 

* * * • • 

350 GlyLeuSerAspHisGluIleAspArgLeuGluLeuGlnAsnGlyArgCysLeuAroGlu 
1135 GGGCTGAGCGACCACGAGATOGATCGGCTGGAGCTGCAGAACGGGCGCTGCCIGCGCGAG 

* * * • • 

370 AlaGlnTyrSerMetLeuMaThrTrpArgArgArgThrProArgArgGluAlathrLeu 
1195 . GCGCAATACAGCATGCTGGCGACCTGGAGGCGGCG 

390 GluI^uLeuGlyArgValLeuArgAspMetAspLeuLeuGlyCysLeuGiuAspIleGlu 
1255 GAGCTGCTGGGACGCGTGCTCCGCGACATGGACCT 

* • • . 

4 10 GlixAlaLeuCysGlyProAlaAlaLeuProProAlaProSerLetiLeuArg 

1315 gaggcgctttgcggccccgcccxxctcccgcccgcck:ccact 

1375 gcccctgcgggcagctctaacxiaccgtcct 

1435 tcgaaaggaggggtcctgcaggggcju^gcagg 

14 95 ccctcgatgtacatagcttttct^ 

1555 cgcggagagaggtgcgccgtgggctcju\gagcctgagtg 

1615 acgctatgcctcatgcccgttttgggtgtcctcaccagcaaggctgctcgggggcrc 

1675 gttcgtccctgagcctttttcacagtgcara 

1735 gttttgtttttaaatcaatcatgttaicactaatagaaacttggcactcct 

1795 cctggacaagcacatagcaagctgaactgtcct^ 

1855 ggccttcagctggagctgtggacttttgtacatacactaaa^ 

1915 aacccgaattc 




TNF-Konzentration (nil) 
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10 TNF-bindende Protein* 



15 Tumor Nekrosis Faktor a (TNFa, auch Cachectin). auf 

Gcund seiner haemorragisch-nekrotisierenden Wirkung auf 
bestimmte Tumoren entdeckt. und Lymphotoxin (TNFS) sind zwei 
nane verwandte Peptidf aktoren [3] aus der Klasse der Lympho- 
kine/Cytokine, die im folgenden beide als TNF bezeichnet 

20 werden [siehe Uebersichtsarbeiten 2 und 3]. TNF verfttgt Uber 
ein breites zelluiares Wirkungsspektrura. Beispielsweise 
besitzt TNF inhibierende oder cytotoxische wirkung auf eine 
Reihe von Tumorzeillinien [2,3] # stimuliert die Prolifera- 
tion von Fibroblasten und die phagozytierende/cytotoxische 

25 Aktivitat von myeloischen Zellen [4,5,6]. induziert 

AdhiieionsmolekUle in Endothelzellen oder ttbt eine inhibie- 
rende Wirkung auf Endothel aus [7.8.9,101. inhibiert die 
Synthese von spezifischen Enzymen in Adipozyten [11 J und 
induziert die Expression von Histokompatibi litltsantigenen 

30 C 12 J • Manche dieser TNF-Wirkungen werden tiber eine Induktion 
von anderen Faktoren oder durch synergistische Effekte mit 
anderen Faktoren. wie beispielsweise Interferonen oder 
Interleukinen er2ielt [13-16J. 
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TNF ist bei einer Reihe von pathologischen Zustanden. 
beispielsweise SchockzustMnden bei Meningococcen-sepeis 
[17 J. bei der Entwicklung von Autoimmun-Glomecuionephritis 
bei Mausen [iaj oder bei cerebcalec Malaria bei MJiuaen [19] 

5 und be in, Menschen [41] involviert. Ganz allgemein scheinen 
die toxischen Wirlcungen von Endotoxin durch TNP vermittelt 
zu sein [20J. Weiterhin kann TNF wie Intecleukin-1 Fieber 
auslosen [39]. Auf Grund det pleiotcopen f unktionellen 
Eigenschaften von TNP kann nan annehmen. da as TNP in 

10 Wechseiwirkung mlt anderen Cytokinen bei einer ganzen Reihe 
weicecec pathologischer Zustande als Mediator von Immunant- 
woct. EntzUndung oder anderen Prozessen beteiiigt ist. 

Diese biologischen Effekte werden durch TNP Uber spezi- 
15 fische Rezeptoren vermittelt. wobei nach heutigem Wissens- 
stand sowohi TNPo wie TNFfl an die gleichen Rezeptoren 
binden [21]. Verschiedene Zeiltypen unterscheiden sich in 
der Anzahl von TNP-Rezeptoren [22,23.24]. Solche ganz allge- 
mein gesprochen TNF-bindenden Proteine (TNF -BP) wurden durch 
20 kovalente Blndung an radioaktiv markiertes TNP nachgewiesen 
[24-29], wobei die folgenden scheinbaren Molekulargewichte 
der erhaltenen TNF/TNF-BP-Komplexe ermittelt wurden: 
95/100 kD und 75 kD [24]. 95 kD und 75 kD [25J. 138 kD. 
90 kD. 75 kD und 54 kD [26J. 100t5 kD [27], 97 kD und 
25 70 kD [28] und 145 kD [29]. Mittels anti-TNF-Antikorper- 
-immunoaffinitatschromatographie und praparativet SDS-Poly- 
acrylamidgelelektrophorese (SDS-PAGE) konnte ein solcher 
TNP/TNF-BP-Komplex isoliert werden [27]. Die reduktive 
Spaltung dieses Komplexes und anschliessende SDS-PAGB-Ana- 
30 l/se ergab mehrere Banden. die allerdings nicht auf 

TNF-Bindeaktivitat getestet wurden. Da die spezifischen 
Bedingungen. die zu der Spaltung des Komplexes verwendet 
werden mussen. zur Inaktivierung des Bindeproteins fUhren 
[31] . 1st letzteres auch nicht mdglich gewesen. Die 
35 Anreicherung von 16slichen TNP-BP aus dem humanen Serum oder 
Urin mittels Ionenaustauscher-Chromatographie und GelCil- 
tration (Molekulargewichte in Bereich von 50 kD) wurde von 
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Olsson et al. beschriebea [30]. 

Brockhaus et al. f 32 J echielten durch TNFa-Liganden- 
affinitatschromatographie und HPLC aus Membranextrakten von 
HL60-Zellen eine angereicherte TNF-BP-Prlparation die 
wiederum als Antigenpraparation zur Hecstellung von mono- 
klonalen AntiMcpern gegen TNF-BP vecwendet wurde. Untec 
Verwendung eines soichen inunobilisierten AntikSrpers (i nnun _ 
affinxtatschromatographie) wurde mitteis TWFa-Liganden- 
affinitatschronatographie und HPLC von Loetscher und 
Brockhaus [31J aus eine* Extrakt von humaner Placenta eine 
angereicherte Praparation von TNF-BP erhalten. die in der 
SDS-PAGE-Analvse eine starke breite Bande bei 3S kD. eine 
schwache Bande bei etwa 40 kD und eine sehr schwache Bande 
15 in Bereich zwischen 55 kD und 60 kD ergab. in, Ubrigen zeigte 
das Gel i» Bereich von 33 kD bis 40 kD einen Protein- 
hmtergrundschmier. Die Bedeutung der so erhaitenen Protein- 
banden war jedoch in» Hinblick auf die Heterogeni tat des 
verwendeten Ausgangsmater ials (Plaeenta-Gewebe: vereinigtes 
20 Material aus mehreren Placenten) nicht klar. 

Gegenstand der voriiegenden Erfindung sind nichtlosliche 
Proteine und idsliche Oder nichtlosliche Fragnente davon. 
die TUT binden (TNF-BP). in homogener Porn, sowie deren 
25 physiologiech vertragliche Seize. Bevorzugt sind soiche 
Proteine. die gemass SDS-PAGE unter nicht reduzierenden 
Bedingungen durch scheinbare Moiekulacgewichte von etwa 
55 kD. 51 kD. 38 kD. 36 kD und 34 kD bzw. 75 kD und 65 kD 
charakterisiert sind. insbesonders soiche mit etwa 55 kD und 
75 kD. weitethin bevorzugt sind soiche Proteine. die durch 
wenigstens eine der folgenden Aminoeaureteilsequenzen 
getcennzeichnet sind: 



30 
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Val-Cys-Pro-Gln-Gly-Lys-Tyc-Ue-His-Pco-Gln-X-Asn-Sei:- 



lie 
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(IB) Sec-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr- 
Thr-Lys 

( I IA) Sec-Gln-Leu-Glu-Thr-Pco-Glu-Thc-Leu-Leu-Gly-Sec-Thr- 
Glu-Glu-Lys-Pro-Leu 
5 (I IB) Val-Phe-Cys-Thr 

(IIC) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-Ala- 
Gly-Glu-Ala 

(IID) Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu-Pco. 
Gly-Ser-Thr-Cys 

10 (HE) Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 

(IIP) Leu-Cys-Ala-Pro 

(HG) Val-Pro-His-Leu-Pro-Ala-Asp 

(IIH) Gly-sec-Gln-GLy-Pro-Glu-Gln-Gln-X-X-Leu-Ue-X-Ala-Pco 

15 wobei X fQr einen ArainosSurerest steht. der nicht 

eindeutig bestimmt werden konnte. 

Im Stand der Technik sind bereits TNF-BP durch eine 
N-terrainale Teilsequenz charakter isiert worden [Europaische 

20 Patentanmeldung mit der Publikations-Nr . 308 378], wobei 
sich diese Sequenz von der erf indungsgemassen N-terminalen 
Teilsequenz genuiss Formel ( IA) unterscheidet . Im tibrigen 
handelt es sich aber bei den im Stand der Technik beschrie- 
benen TNF-Bindeproteinen um aus dera Urin isolierte. 

25 lSsliche. d.h. nicht membrangebundene. TNF-BP und nicht um 
membrangebundene, d.h. unldsliche. TNF-BP. 

Gegenstand der vorliegenden Anraeldung sind auch Ver- 
fahren zur Isolierung der erfindungsgemSssen TNF-BP* Diese 

30 Verfahren sind dadurch charakteris iert , daes man im vesent- 
lichen die folgenden Reinigungsschr itte nacheinander aus- 
filhrt: Hersteilung eines Zell- oder Gevebeextraktes, Immun- 
aff initJitschroraatographie und/oder ein- oder mehrfache 
Ligandenaf finite tschromatographie, hochauf losende Fltlssig- 

36 fceitschroraatographie (HPLC) und preparative SDS-Polyacryl- 
amidgeleiektrophorese (SDS-PAGB). Die Kombination der aus 
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dem stand der Technik bekannten einzelnen Reinigungsschritte 
rat file den Erfolg des erf indungsgemassen Vecfahrens 
essentiell. wobei einzelne Schritte im Rahmen dee zu 
laeenden Aufgabe aodif iziert und verbessert wurden. so wurde 
beispielsweise dec urspctlnglich file die Anreicherung von 
TNF-BP aus humaner Placenta t 31] verwendete kombinierte 

iBununaffinitatschcomatogcaphie/TNFa-LigandenaffinitatschcoBa 
tographie-Schcitt dadurch abgeandect. dass eine BSA-Sepha- 
cose 4B-Vors4ule verwendet wurde. Diese Vorsaule wurde zua 
Auftrag des Zell- oder Membcanextcaktes in Reihe mit dec 
immunaffinitatsaaule und gefolgt von dec Ligandenaf finitats- 
saule geschaltet. Nach Auftrag des Extraktes wucden die 
beiden zuletztgenannten SMulen abgekoppelt. j ed e Cue sich 
eluiect und die TNF-BP-aktiven Pcaktionen wurden nochmals 
15 «bec eine Ligandenaf f initatssaule geceinigt. Erfindungs- 
wesentlich fUc die Ducchf Uhrung des Umkehrphasen-HPLC- 
-Schrittes ist die Verwendun, eines Detergens-haltigen 
Lasungsmittelgemisch.es . 



Ferner ist auch ein technisches Verfahren zum Erzielen 
hoher Zelldichten von saugerzellen. aus denen TNF-BP iso- 
liert werden konnen. Gegenstand der vorliegenden Erfindung 
Ein seiches Verfahcen zeichnet sich daducch aus. dass ein 
Medium, welches Cue die spezifischen Wachsturasecf ordecnisse 
25 dec vecwendeten Zelllinie entwickelt wurde. in Verbindung 
mit exnec wie z.B. im Detail in Beispiel 2 beschciebenen 
Pecfusionsappacatuc vecwendet wird. Mittels eines solchen 
Vecfahrens lassen sich beispielsweise flic HL-60-Zeilen bis 
zu mehr als 20-fach habere Zelldichten als Ublich erzielen 



30 



Zusatzlich dazu betcifft die vocliegende Ecfindung auch 
DNA-Sequenzen. die fuc Pcoteine und Idsliche odec nicht- 
ldsliche Ftagmente davon. die TNF binden. kodieren. Bevor- 

„ Z "_ 9 L S !^_L in, !l 1 _ DNA " S !l' 1 lf n ll n ' "liche m ein solches 
35"Pcotein mit einem iche'inbacen MoiekulargewichT von etw"a 55 
kD kodieren. wobei die in Abbildung i dacgesteilte Sequenz 
besondecs bevoczugt ist. wie Sequenzen. die fur nicht- 
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lasliche vie ISsliche Fcagmente von solchen Pcoteinen 
kodiecen. Bine besondecs bevoczugte DNA-Sequenz. die far ein 
nichciesliches Pcotein-Fcagment kodiect. reicht von 
Nukleotid -XB5 bis 1122 dec in Abbildung 1 gezeigten 
Sequenz. Besondecs bevoczugte DNA-Sequenzen. die ftlc 
lOBliche Ptotein-Ftagmente kodiecen. sind solche. die von 
Nukleotid -185 bis 633 bzw. von Nukleocid -14 bis 633 dec in 
Abbildung l gezeigten Sequenz ceichen. Bevoczugt sind eben- 
falls DMA-Sequenzen. die ftlc ein Pcotein von ecwa 75/65 kD 
kodiecen und die die in Figuc 4 dacgestellte pactielle cDNA- 
-Sequenzen enthalten. Besondecs bevoczugte DMA-Sequenzen 
sind in diesem Fall die Sequenzen des offenen Lesecascecs 
von Nukleotid 2 bis 1'177. Die Peptide IIA. I IC . HE. I IF, 
IIG und HH wecden von dec pactiellen cDNA-Sequenz in 
Figuc 4 kodiect. wobei die gecingf Ugigen Abweichungen dec 
experimentell bestimmten AminosSuresequenzen von dec von dec 
cDNA abgeleiteten Sequenz mit hdchster Wahcscheinlichkeit 
auf dec gecingecen Auflosung der Gasphasen-Sequenziecung 
becuhen. Die vocliegende Erfindung betcifft natticlich auch 
die von solchen DNA-Sequenzen kodiecten rekorabinanten 
Pcoteine. Selbstvecstandlich sind dabei auch solche Pcoteine 
umfasst. in decen AminosSucesequenzen. beispielsweise 
mittels gezieltec Mutagenese. Aminosaucen so ausgetauscht 
wocden sind. dass daducch die AktivitSt dec TNF-BP odec 
decen Fcagmente. namlich die Bindung von TNF odec die 
wechselwickung mit andecen. an dec Signalubectcagung 
beteiligten Membcankomponenten. in einec gewtinschten Act 
vecandect odec echalten wucden. Aminosauceaustausche in 
Pcoteinen und Peptiden. die in allgeraeinen die AktivitSt 
solchec HolekOle nicht vecSndecn. sind im stand dec Technik 
bekannt und beispielsweise von H. Neucath und R.c. Hill in 
"The Pcoteins" (Academic Pcess. New Yock. 1979. siehe 
besondecs Piguc 6. Seite 14) beschcieben. Die am hSufigsten 
vockommenden Austausche sind: Ala/Sec. Val/Ile. Asp/Glu. 
The/Sec. Ala/Gly. Ala/The. Sec/Asn. Ala/Val. Sec/Gly, 
Tyc/Phe. Ala/Pco. Lys/Acg. Asp/Asn. Leu/He. Leu/Val. 
Ala/Glu. Asp/Gly. sowie solche in umgekehctec Heise. Die 
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vorliegende Brfindung betrifft ferner Velctocen. die 
erfindungsgemasse DNA-Sequenzen enthalten und zur 
Transformation von geeigneten pro- wie eukaryotiechen 
Wirtssystenen geeignet sind. wobei solcne Velctoren bevorzugt 
sind. deren Verwendung zur Expression der von den erfin- 
dungsgemassen DNA-Sequenzen Icodierten Proteine fllhrt. 
Schliesslich betrifft die vorliegende Brfindung auch noch 
mit solchen Vektoren transf ormierte pro- wie eukaryotische 
wirtssysteoe. wie Verfahren zur Hersteliung von erfindungs- 
gemassen rekombinanten Verbindungen durch Kultivierung 
soicher Wirtssysteme und anschiiessende IsoLierung dieser 
verbindungen aus den Wirtssystemen selbst Oder deren Kultur- 
uberstanden. 

15 Gegenstand der vorliegenden Brfindung sind auch pharma- 

zeutische Praparate. die wenigstens eines dieser TNF-BP oder 
Fragmente davon. gewiinschtenfalls in Verbindung »it weiteren 
Pharmazeutisch wirksaraen Substanzen und/oder nicht-toxi- 
schen. inerten. therapeutiscb ver traglichen Tragerraater ia- 

20 lien enthalten. 

Die vorliegende Brfindung betrifft schliesslich die 
Verwendung soicher TNF-BP einerseits zur Hersteliung pharma- 
zeutischer Praparate bzw. anderecseits zur Behandlung von 
25 Krankheiten. bevorzugt solchen. in deren Veriauf TNF invol- 
viert ist. 

Ausgangsmaterial fur die erf indungsgemassen TNF-BP sind 
ganz allgemein Zellen. die solche TNF-BP in menbcangebunde- 

30 ner Form enthalten und die dem Fachmann ohne Beschrankungen 
allgemein zuganglich sind. wie beispielsweise HL60- [ATCC 
Nr. CCL 240]. U 937- I ATCC Nr. CRL 1593]. SW 480- [ATCC Nr 
CCL 228J und HBP2-Zellen [ATCC Nr. CCL 23] . Diese Zellen 
konnen nach bekan nten Methoden des Standee der Technik [40] 

35 Oder zun, Erzielen hoher Zelldichten nach 7eTTe"reTts ~al Ige- 
mein und in. Detail fur HL60-Zellen in Beispiel 2 beschrie- 
benen Verfahren kultiviert werden. TNF-BP konnen dann nach 
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bekannten Methoden des standee dec Technik mittels geeigne- 
tec Detergen2ien. beispielsweise Triton X-114. l-O-n-Octyl- 
-fl-D-glucopyranoeid (Octylglucosid) . Oder 3-[ (3-Cholylamido- 
pcopyD-dimethylamoonioJ-i-pcopan sulfonat (CHAPS), im 

5 besoadecea mittels Triton X-100. aus den aus dem Medium 

abzentcifugierten und gevaschenen Zellen extrahiert werden. 
Zum Nachweis solcaer TNF-BP kBnnen die ttblicherweise verwen- 
deten Nachweismethoden fur TNF-BP. beispielsweise eine Poly- 
athylenglykol-induzierte Failung dee 125 I-TNF/TNF-BP-Kom- 

10 Plexes [27 J. im besonderen Filterbindungstests mic radio- 
aktiv markiertem TNF gemass Beispiel l. verwendet werden. 
Zur Gewinnung der erf indungsgemassen TNF-BP kSnnen die 
genereU zur Reinigung von Proteinen. insbesondere von 
Membranpcoteinen. verwendeten Methoden des Standee der 

15 Technik. wie beispielsweise Ionenaustausch-Chromatographie. 
Gelfiltration. Af finitatschromatographie. HPLC und SDS-PAGE 
verwendet werden. Besonders bevorzugte Methoden zur Herstel- 
lung erfindungsgemasser TNF-BP sind Aff initatschromatogra- 
phie. insbesondere mit TNF-a ale an die Festphase 

20 gebundenen Liganden und Immunaf finitatschromatographie. HPLC 
und SDS-PAGE. Die Elution von mittels SDS-PAGE auf getrennten 
TNF-BP Banden kann nach bekannten Methoden der Proteinchemie 
erfolgen. beispielsweise mittels Elektroelution nach 
Hunkapiller et al. [34], wobei nach heutigem Stand des 

25 Wissens die dort angegebenen Blektro-Dialysezeiten generell 
zu verdoppeln sind. Danach noch verbleibende Spuren von SDS 
kfinnen dann gemass Bosserhoff et al. [50] entfernt werden. 

Die so gereinigten TNF-BP konnen mittels der im Stand 
30 der Technik bekannten Methoden der Peptidchemie. wie 
beispielsweise N-terminale Aminosauresequenzierung oder 
enzymatische wie chemische Peptidspaltung charakterisiert 
werden. Durch enzymatische oder chemische Spaltung erhaltene 
Fragmente kdnnen nach gangigen Methoden. wie beispielsweise 
35 HPLC. aufgetrennt und selbst wieder N-terminal sequenziert 
werden. Solche Fragmente. die selbst noch TNF binden. kfinnen 
mittels der obengenannten Nachweisraethoden fUr TNF-BP 



identiciziert werden und sind ebenfalls Gegenstand der 
vocliegenden Ecfindung. 



Ausgehend von dec so erhaitlichen Aminosauresequenz- 
information odec den in Figur L dacgestellten DNA- wie 
Aminosauresequenzen kflnnen unter Beachtung dec Degenecation 
des geaetischen Codes nach im stand dec Technik bekannten 
Hethoden geeigaete Oligonultleotide hecgestellt werden [51J 
Mittels dieser konnen dann wiedecum nach beltannten Methoden 
dec Molekulacbiologie [42.43] cDNA- odec genomische 
DNA-Banken nach Klonen. die fftic TNF-BP Itodiecende Nuklein 
saucesequenzen enthalten. abgesucht werden. Aussecdem konnen 
mittels dec Polymecaee-Kettenceaktion (PCR) [49J cDNA-Frag- 
mente kioniert werden. indem von zwei auseinandecliegenden 
relativ kurzen Abschnitten dec Aminosaucesequenz untec 
Beachtung des geaetischen Codes vollstandig degenerierte und 
in ihcer KompXementaritat geeignete Oligonucleotide als 
"Pcimef eingesetzt wecden. woducch das zwischen diesen 
beiden. sequenzen liegende Pcagment amplifiziect und identi- 
fiziect wecden kann. Die Bestimmung dec Nukleotidsequenz 
eiaes deeartigen Fragmentes ecmdglicht eine unabhangige 
Bestimmung dec Aminosaure-Sequenz des Pcoteinf ragments . ftic 
das es kodiect. Die mittels der PCR erhaitlichen cDNA-Frag- 
mente konnen ebenfalls. wie beceits flic die Oligonukleotide 
selbst beschcieben. nach bekannten Methoden zum Aufsuchen 
von fUc TNF-BP kodiecende Nukleinsauresequenzen enthaltenden 
Klonen aus cDNA- bzw. genomische DNA-Banken verwendet 
werden. Solche Nukleinsauresequenzen kdnnen dann nach 
bekannten Methoden sequenziert wecden [42 J. Aufgcund dec so 
bestimmten wie dec fUc bestimmte Rezeptocen beceits bekann- 
ten Sequenzen. konnen solche Teiisequenzen. die £Uc losliche 
TNF-BP-Fcagraente kodiecen. bestimmt und mittels bekannter 
Methoden aus der Gesamtsequenz herausgeschnitten werden [42 J. 

DiTs-ges-afit-e-Sequenz oder^bTShT f^Uselu'en7e"nni'airnen 
dann mittels bekanntec Methoden in im Stand dec Technik 
beschciebene Vektocen zu decen Vecvielfaitiguag wie Expres- 
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sion ia Prokaryoten integriert warden [42]. Geeignete pro- 
karyotische Wirtsorganismen stellea beispielsweise gram- 
-negative wie gram- positive Bakterien. wie beispielsweise 
B. coli Stamme. wie E. coli HB 101 [ATCC Nr. 33 694] oder 
5 B. coli W3110 [ATCC Nr. 27 325] oder B. subtilis stamme dar. 

Weiterhin konnen erf indungsgemasse Nukleinsaure- 
seguenzen. die far TNP-BP sowie ftlc TNP-BP-Fragmente kodie- 
cea. in geeignete Velctoren zur Vermehrung wie Expression in 
10 . eukaryotischen Wirtszellen. wie beispielsweise Hefe. 
Insekten- und saugerzellen. mitteis bekannter Methoden 
integriert werden. Expression solchec Sequenzen erfolgt 
bevoczugt in S3uger- wie Insektenzellen. 

15 Bin typischer Express ionsvektor fttr saugerzellen enthait 

ein effizientes Promotorelement . urn eine gute Transkrip- 
tionsrate zu erzielen. die zu expr imierende DNA-Seguenz und 
Signale fur eine effiziente Termination und Polyadenyliecung 
des Transkripts. Weitere Elemente. die vecwendet werden 

20 konnen. sind "Enhancer", weiche zu nochmais verstarkter 

Transkription fuhren und Sequenzen. weiche z.B. eine langere 
Halbwectszeit der raRNA bewirken konnen. 

Die meisten Vektoren. die flic eine transience Expression 
25 einer bestimmten DNA-Sequenz in saugerzeilen verwendet 

werden. enthalten den Replikationsutsprung des SV40 Virus. 
In Zelien. die das T-Antigen des virus exptimieren. (z.B. 
COS-Zellen). werden diese Vektoren stark vermehrt. Eine 
vorUbergehende Expression ist aber nicht auf COS-Zellen 
30 beschrankt. In Prinzip kann jede transf ektierbare sauger- 
zelllinie hierfQr verwendet werden. Signale. die eine starke 
Transkription bewirken konnen. sind z.B. die friihen und 
spaten Promotoren von SV40. der Promoter und Enhancer des 
"major immediate-early Gens des HCMV (humaner Cytomegalo- 
35 virus), die LTRs ("long terminal repeats") von Retroviren. 
wie beispielsweise RSV. HIV und MMTV. Es konnen aber auch 
Signale von zeliuiaren Genen. wie z.B. die Promotoren des 



Aktin- und Collagenase-Gens. verwendet warden. 



Alternativ konnen aber auch stabile Zelllinlen. die die 
spezifische DNA-Sequenz in Genoa (Chromosom) integriert 
haben. echalten wecden. Hlerzu wicd die DNA-Sequenz zusammen 
mit einem selektiecbacen Hackee. z.B. Neomycin. Hygcomycin. 
Dihydcofolat-Reduktase (dhfr) oder Hypoxanthin-Guanin-Phoa- 
phoribosyltransfecase (hgpt) kotcansfektiert . Die stabii ins 
Chromosom eingebaute DNA-Sequenz kann auch noch stark ver- 
mehrt wecden. Bin geeigneter Selektionsmarker hierfur ist 
beispielsweise die Dihydcof olat-Beduktase (dhfc). Saugec- 
zellen (z.B. CHO-Zellen). welche kein intaktes dhfc-Gen 
enthalten. wecden hiecbei nach ecfolgter Transfektion rait 
steigenden Mengen von Methotcexat inkubiert. Auf diese Weise 
konnen Zelilinien echalten wecden. welche mehr als tausend 
Kopien dec gewflnschten DNA-Sequenz enthalten. 

Saugeczellen. welche fflr die Expression verwendet werden 
kBnnen. sind z.B. Zellen dec menschlichen Zelilinien Hela 
[ATCC CCL2] und 293 [ATCC CBL 1573 J . sowie 3T3- £ATCC CCL 
163J und L-Zellen. z.B. [ATCC CCL 149], (CHO)-Zellen [ATCC 
CCL 61J. BHK [ATCC CCL 10]-Zellen SOWie die CV 1 [ATCC CCL 
70]- und die COS-Zelllinien [ATCC CBL 1650. CRL 1651]. 

Geeignete Express ionsvektocen umfassen beispielsweise 
Vektocen wie pBC12MI [ATCC 67 109], P SV2dhfc [ATCC 37 146]. 
PSVL [Phacraacia. Uppsala. Sweden], pRSVcat [ATCC 37 152 J und 
PMSG [Pharmacia. Uppsala. Sweden]. Besonder bevorzugte 
Vektorea sind die in Beispiel 9 verwendeten Vektocen » P K19» 
und -PN123-. Diese kdnnen aus den rait ihnen transf ormierten 
E. coli-stammen HB101(pKi9) und HBl0l(pN123) nach bekannten 
Methoden isoliert werden [42]. Diese B. coli-stamrae wurden 
am 26. Januar 1990 bei der Deutschen Sammlung von Mikro- 
organismen und Zellkulturen GmbH (DSM> in Braunschweig. BRD 
unter DSM 5761 fttr HB101(pkl9) und DMS 5764 fllr HB10l(pNl23) 
hinterlegt . 
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Die Act und Weise wie die Zellen transf ektiert werden 
hangt vom gewahlten Expressions- und Vektor system ab. Bine 
Uebersicht Uber diese Methoden findet man z.B. bei Pollard 
et al.. "DNA Transformation of Mammalian Cells" in "Methods 
in Molecular Biology" [Nucleic Acids Vol. 2. 1984. walker. 
J.M.. ed. Humana. Clifton. New Jersey]. Weitere Methoden 
findet man bei Chen und Okayama ["High-Efficiency Transfor- 
mation of Mammalian Cells by Plasmid DNA". Molecular and 
Cell Biology 7. 2745-2752. 1987 J und bei Feigner [Feigner et 
al.. "Lipofectin: A highly efficient, lipid-mediated 
DNA-transfection procedure". Proc. Nat. Acad. Sci. USA 84 
7413-7417. 1987]. ' 

zur Expression in Insektenzellen kann das Baculovirus- 
15 -Expressions-system, welches schon fur die Expression einer 
Reihe von Proteinen erfolgreich eingesetzt wocden 1st (fur 
erne Uebersicht siehe Luckow and Summers. Bio/Technology 6 
47-55. 1988). verwendet werdeo. Hekombinante Proteine kSnnen 
authentic oder als Fusionsptoteine hergestellt werden. Die 
20 so hergestellten Proteine konnen auch raodif iziert. wie 

beispielsweise glykosyliert (Smith et al.. Proc. Nat. Acad 
Sci. USA 82. 8404-8408. 1987) sein. Fur die Herstellung 
eines rekombinanten Baculovirus. der das gewunschte Protein 
exprimiert. verwendet man elnen sogenannten "Transfer- 
25 vektor". Hierunter versteht man ein Plasmid. welches die 
heteroioge DNA-Seguenz unter der Kontrolle eines stacken 
Promoters. z. B . dem des Polyhedringens . enthalt. wobei diese 
auf beiden Seiten von viralen Sequenzen umgeben ist. Beson- 
ders bevorzugte Vektoren sind die in Beispiel 10 verwendeten 
30 Vektoren " P Nll3". "pNH9» und " P N124«. Diese konnen aus den 
nut ihnen transf ormierten E. coli-stamraen HB101(pNli3) 
HB101(p N li9) und HB101(pN124) nach bekannten Methoden Iso- 
iiert werden [42]. Diese B. coli-stamme wurden am 26. Januar 
1990 bei der Deutschen Sammlung von Mikroorganismen und 
35 Zellkulturen GmbH (DSM) in Braunschweig. BHD. unter DSM 5762 
fQr HBi01(pN113). DSM 5763 fllr HBlOKpNU,, und DSM 5765 fUr 
HB101(pN124) hinterlegt. Der Transf ervektoc wird dann 
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zusaaaen ait DMA des Wildtyp-Baculovicus in die Insekten- 
zellen tcansf elctiert. Die in den Zellen durch homologe 
Hekombination entstebenden cekombinanten viren konnen dann 
nach bekannten Methoden identif iziect und isoliert wecden 
Bine Uebecsicht ubec dae Baculovirus-Expcessionssystem und 
dec dabei vecwendeten Methoden findet nan bei Luckow und 
Summers (52 J. 

Expcimiecte TNP-BP wie ihce nichtioslichen Oder los- 
lichen Fcagmente kdnnen dann nach im Stand dec Technik 
bekannten Methoden dec Pcoteinchemie. „ie beispielsweise den 
becerts auf seiten 5-6 beschciebenen Vecfahren, aus dec 
Zellmasse odec den Kultucubecstanden geteinigt wecden. 

,5 Die ecfindunasgemase echaltenen TNP-BP kSnnen auch als 

Antxgene zuc Eczeugung von poly- und monoklonalen Anti- 
korpecn nach bekannten Methoden dec Technik [44, 45 J odec 
gema-ss de» i„ Beispiel 3 beschciebenen Vecfahcen vecwendet 
wecden. Solche Antikocpec. insbesondece monokionale Anci- 
kdcpec gegen die 75 KD-TNF-BP-Spez ies , sind ebenfalls Gegen- 
stand dec vorliegenden Ecfindung. solche gegen die 75 kD 
TNF-BP gecichtete Antik3cpec kannen ducch dem Fachmann 
gelaufige Modif ikationen des in den Belspieien 4-6 im Detail 
beschciebenen Reinigungsvecf ahcens zur Isoliecung von TNF-BP 
25 emgesetzc wecden. 

Auf Gcund dec hohen Bindungsaf f initat ecf indungsgemassec 
TNF-BP ftlcjNF (K.-Werte in den Gcaseenocdnungen vL 
10 - 10 M) kdnnen diese odec Fcagmente davon als 

30 Diagnostika zum Nachweis von TNF in Secum odec andecen 
KocpecflUssigkeiten nach im stand dec Technik bekannten 
Methoden, beispielsweise in Festphasenbindungstests odec in 
Vecbindung mit Anti-TNF-BP-Antik6cpecn in sogenannten 
"Sandwich»-Tests. eingesetzt wecden. 

35 "' ' "" " 

Im ubcigen konnen ecf indungsgemasse TNF-BP einecseits 
zuc Reinigung von TNF und andececseits zum Auffinden von 
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TNP-Agonisten sowie TNP-Antagonisten nacb im stand dec 
Technik bekannten Vecfahren verwendet werden. 

Die erfindungegemaseen TNP-BP sowie deren physio logiseh 

5 l*Tt 9 UChe SalZe * 0aCh iB 5t4nd d " Technik beKannten 
Methoden hergestellt wecden kflnnen, konnen auch zur Hecetel 

lung von pharmazeutischen Praparaten. voc aile« solchen zur 

Behandlun, von Krankheiten. bei deren Verlauf TNP involviert 

ist. verwendet werden. Dazu kann eine oder mehrere der 

10 genannten Verbindungen. talis wUnschenswerc bzw. erforder 
lich in Verbindung mit anderen pharmazeutisch aktiven 
substanzen. mit den Ublicherweise verwendeten festen oder 
flUssigen Tragermaterialien in bekannter Weise verarbeitet 
werden. Die Dosierung solcher Praparate kann unter Berttck- 

15 sxchtigung der Ciblichen Kriterien in Anaiogie zu bereits 
verwendeten Praparaten ahnlicher AktivitSt und Struktur 
ecfolgen. 

Nachdem die Erfindung vorstehend ailgemein beschrieben 
20 worden ist. sollen die folgenden Beispiele Einzelheiten der 
Erfmdung veranschaulichen. ohne dass diese dadurch in 
lrgendeiner Weise eingeschcankt wird. 



25 



Beisoiel l 

Nachweia von TWP-hin deflden Pmr^... 



Dae TNP bp wurden in einem Filtertest mit humanem radio- 
jodiertea i-tnf nachgewiesen. TNP (46.47) wurde mit 

30 Na I (IMS40. Aaersham. Amershan. England) und Iodo-Gen 
(#28600. Pierce Eurochemie. Oud-Bei jerland. Niederlande) 
nach Praker und Speck [48] radioaktiv makiert. 2um Nachweis 
der TNP-BP wurden isolierte Membranen der Zellen oder ihre 
solubiiisierten. angereicherten und gereinigten Fraktionen 

35 aut angefeuchtete Nitrocel iulose-Pii te r (0.45 w . BioRad 
Richmond. California. USA) aufgetragen. Die Filter wurden 
dann in Pufferldsung mit 1% entfettetem Milchpulver 
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blockiert und anschliessend mit S»10 S cpm/ml 

I-TNPa (0.3-l.o»io 8 cpa/ug) in zwei AnsStzea 
nit und ohne Beigabe von 5ug/ml nicht-markiertem TNPa 
inkubiert. gewascben und luf tgetrocknet. Die gebundene 
Badioaktivitat wurde autoradiographies semiquantitativ 
nachgeviesen Oder in einem Y-Countec gezahlt. Die spezi- 
tische I-TNF-a-Bindung wurde nach Kotrektur fUr 
unspezif ische Bindung in Anvesenheit von unmarkiertem 
TOF-a in Ueberschuss ermitcelt. Die spezifiische 
TNF-Bindung in Piltertest wurde bei verschiedenen 
TNF-Konzentrationen gemessen und nach Scatchard analysiert 
[33 J. wobei ein K,-Wert von ~10 _9 -10" 10 M ermittelt 
wurde. 



15 Beispiel 2 

Zellextrakt e von Hr.-60-Zal len 

HL60 zellen CATCC-Nr. CCL 240] wurden in experimentellem 
20 Labormasstab in einem RPMI 1640-Medium [GIBCO-Katalog Nr. 
O74-0180OJ. das noch 2 g/l KaHC0 3 und 5% fdtales KSlber- 
serum enchielt. in einer 5% C0 2 -Atmosphare kultivierc und 
anschliessend zentrif ugiert . 

25 Zum Erzielen hoher Zelldichten in technischem Masstab 

wurde Colgendermassen verfahren. Die Zuchtung wurde in einem 
75 1 Airlietfermenter (Fa. Chemap. Schweiz) mit 58 1 
Arbeitsvolumen durchgef Uhrt. HierfUr wurde das Kassetten- 
membransystem "PBOSTAK" (Millipore. Schweiz) mic einer 

30 Membranflache von 0.32 m 2 (l Kassette) in den ausseren 
ZirkulationskreislauC integriert. Das Kulturmedium (siehe 
Tabelle l) wurde mit einer Watson-Mar low Pumpe. Typ 6030. 
mit 5 1/min. umgepumpt. Nach einer Dampf sterilisation der 
... Anlage. wobei das "PBOSTAK" System im Autokla ven seoarat 

35 sterilisiert wurde. wurde die Fermentation mit wachsenden 
HL-60 Zellen aus einem 20 1 Airlif tf ermenter (Chemap) 
gestartet. Die Zellzuchtung im Impff ermenter erfolgte im 
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Jconventionellen Batchverf ahren in dera Medium gemlss Tabelle 
1 und einem Startzelltiter von 2xl0 5 Zellen/ml. Mach 4 
Tagen wurde der HL60 Ansatz mit einem Titer von 4.9x10* 
Zellen/ml in den 75 1 Fecmentec Qberfuhrt. Der pH-Wert wurde 
bei 7.1 und der P 0 2 Wert bei 25% Sattigung gehalten. wobei 
der Sauetstof feinttag durcn eine mikroporSse Fritte 
erfolgte. Nach anflnglicher Batchfermentation wurde am 2. 
Tag die Perfusion bei einem Zelltiter von 4X10 6 Zellen/ml 
mit 30 1 Mediumsaustausch pro Tag gestartet. Auf der 
Piltratseite der Membran wurde das konditLonierte Medium 
abgezogen und durcn den Zulauf von frischem Medium ersetzt. 
Das Zulaufmedium wurde wie folgt verstarkt: Primatone von 
0.25% auf 0.35%. Glutamin von 5 mM auf 6 mM und Glucose von 
4 g/1 auf 6 g/1. Die Perf usionsrate wurde dann am 3. und 4. 
Tag auf 72 1 Medium/Tag und am 5. Tag auf loo I Medium/Tag 
erhant. Nach 120 Stunden der kontinuierlichen Zttchtung wurde 
die Fermentation beendet. Unter den gegebenen Fermen- 
tationsbedingungen erfolgte exponentielles Zellwachstum bis 
40x10 Zellen/ml. Die Verdopplungszeit der Zel lpopulation 
betrug bis 10x10 Zellen/ml 20-22 stunden und stieg dann 
mit zunehmender Zelldichte auf 30-36 Stunden an. Der Anteil 
der lebenden Zellen lag wahrend der gesamten Fermentations- 
zeit bei 90-95%. Der HL-60 Ansatz wucde dann im Fetmenter 
auf ca. I2»c heruntergekUhlt und die Zellen durcn 
Zenttifugation {Beckman-Zentr if uge [Model! J-6B. Rotor JSJ. 
3000 rpm. 10 min.. 4°c) geerntet. 

Tabelle l 



HL-6Q Medi um 
Komponenten 



CaCl 2 (wasserfrei) 

Ca(N0 3 ) z »4H 2 0 

CuS0 4 »5H 2 O 

Fe(N0 3 ) 3 ;9H 2 0 

FeS0 4 «7H 2 0 



Konzentrationen 
EflZi 



112,644 
20 

0.498*10 
0.02 
0. 1668 
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KCl 
KN0 3 

MgCl 2 (wasserfrei) 

MgSO^ (wasserfrei) 

5 N *CL 

Na 2 HP0 4 (wasserfrei) 

NaHPO o 
2 4 2 

Na 2 Se0 3 #5H 2 O 

ZnSO. »7jr O 
4 2 

10 

D-Glucose 

Glutathion (red.) 

Hepes-Puf fer 

Hypoxanthin 
15 Linolsaure 

Liponsdure 

Ptienolrot 

Putrescin 2HCI 

Na-Pyruvat 
2o Thymidin 

Biot in 

D-Ca-Pantothenat 
Cholinchlorid 
Folsauce 
25 i-Inositol 
Niacinaraid 
Nicotinamid 

para-Aainobenzoesdure 
Pyridoxal HCl 
30 Pyridoxin HCl 
Riboflavin 
Thiamin HCl 
Vitamin B 12 

35 L-'A'l ah iif 

L-Asparaginsaure 
L-Asparagin H_o 



336.72 
0,0309 
11.444 
68.37 
5801,8 
188.408 
75 
9.6*10" 
0.1726 

4000 

0.2 
2383.2 
0. 954 
0,0168 
0.042 
10.24 

0.0322 
88 
0.146 
0,04666 
2.546 
5.792 
2.86 
11.32 
2,6 

0.0074 
0.2 
2.4124 
0,2 

0.2876 

2.668 

0,2782 

11,78 
10 

14. 362 
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L-Arginin 

L-Arginin HC1 

L-Aspartat 

L-Cystin 2HC1 
5 L-Cystein HC1»H 2 0 

L-Glutaminsaure 

L-Glucamin 

L-Glycin 

L-Histidin 
10 L-Histidin HC1»H 2 <> 
L-Hydroxypyrolin 
L-Isoleucin 
L-Leucin 
L-Lysin HC1 
15 L-Methionin 

L-Phenylalanin 
L-Prolin 
L-Serin 
L-Threonin 
20 ^-Tryptophan 
L- Tyrosin»2Na 
L-Valin 

Penicillin/ Streptomycin 
25 insulin (human) 

Tranferrin (human) 

Rindersecumalbumin 

Primatone RL (Sheffield Products. 

Norwich ny. USA) 
30 Pluronic F68 

(Serva, Heidelberg, BHD) 

ratales Kalberserum 



40 

92,6 

33.32 

62.04 

7.024 
36.94 
730 
21.5 
3 

27. 392 
4 

73.788 
7S.62 
102.9 
21.896 
43. 592 
26.9 
31.3 
53 

11.008 

69.76 

62.74 

100 U/ml 

s ug/ml 
15 ug/ml 
67 ug/ml 

0.25% 

0,01% 
0. 3-3% 



Das Zentrifugat wurde mit isotonem Phosphatpuf f er (PBS; 
35 0 . 2 g/1 KC1. 0.2 g/i KH 2 P0 4 . 8.0 g/l NaCl. 2.16 g/1 
Na 2 HP0 4 7H 2 0). dec mit 5% Dimethylf orraamid, 10 mM 
Benzamidin. 100 E/ral Aprotinin. 10 uM Leupeptin. l uM 
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Pepstacin. 1 DM o-Phenanthrolin. 5 mM Jodacetamid. l mM 
Phenylmethylsulfonylfluotid versetzt vac (im folgenden als 
PBS-M bezeichnet). gevaschen. Die gevaschenen Zellen wurden 
bei einer Dichte voq 2.S«10 8 Zellen/ml in PBS-M mit 
Tricon x-100 (EndKonzentration l.o%) extrahiect. Der Zeil- 
extraKt wucde dutch Zentrif ugacion gekUrt (15-000 x g, 
1 Stunde; 100 000 x g. l Stunde). 

Belspiet a 

Herstellung von raonoklonai » tt f tmf-hp) -Antilcornarp 

Bin gemSss Beispiel 2 erhaltener Zentrifugationsilber- 
stand aua Kultivierung von HL60-Zellen im exper imentel len 
Laborraasstab wucde in Vethaltnis 1:10 mit PBS vecdtlnnt. Dec 
verdiinnte Ueberstand wurde bei 4-C auf eine Saule aufge- 
tragen (Flussrate: 0.2 ml/min.). die 2 ml Affigel 10 ent- 
hielt (Bio Rad Katalog Nr. 153-6099). an das 20 mg rekora- 
binantes humane s TNF-a [Pennica. D. et al. (1984) Nature 
lil. 724; Shtrai. T. et al. (1985) Nature 213. 803; Wang, 
A.M. et al. (1985) Science 228. l4 9] genres den Empfehlungen 
des Hersteliers gelcoppelt worden war. Die Saule wurde bei 
4»C und einer Ducchf lussrate von l ml/min zuerst mit 20 ml 
PBS. das 0.1% Triton X U4 enthielt und danach mit 20 ml PBS 
gewaschen. So angereichectes tnf-BP wurde bei 22-c und einer 
Flussrate von 2 ml/min mit 4 ml 100 mM Glycin. P H 2.8. 0.1% 
Decylmaltosid eluiert. Das Bluat wurde in einer Centricon 30 
Binheit [Aoicon] auf 10 ul Iconzentr iert . 

10 V l dieses Eluates wurden mit 20 H l voilstSndigem 
Fteundschen Adjuvans zu einer Emulsion gemischt. Je 10 ul 
der Emulsion wurden gemass dem von Holmdahl. R . et al. 
[(1985). j. Immunol. Methods 83. 3 79j beschr iebenen Ver- 
fahren an den Tagen 0. 7 und 12 in eine hintere Fusspfote 
einer naclcot isier ten Balb/c-Maus injiziert. 
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Am Tag 14 wurde die immunisierte Haus getatet. der 
popliteale Lymphknoten herauegenommen. .erfcletnert und in 
iscove-s Medium (IMEM. GIBCO Katalog Nr. 074-2200, das 
2 g/1 NaHC0 3 enthielt. durch viederholtes Pipettiereo 
suspendiert. Gemass einem modUizierten Verfahren von De 
St.Grothund Scheidegger fj. imm unol . Metnods 
-rde„ 5x io 7 Zellen des LymphKnotens nit 5xl0 7 p „ ^ lJ 

;^ l :r;!!; n (J - W - stoc * ec at ai - ««* Di.«i 0 .««.. 

WaLr k I55 " 157) - dU 8iCh U l °*"it hai8chem 
Wachstum befanden. fueioniert. Die Zellen wurden gemischt 

n a .1 50% <v/v> Polyethylenglycol i„ IMEM bei Haumtempera- 

IhreL 80 ^ 6 : " dUCCh lan98ame 2U ^ be ™" « ml 

wah end 10 Mxnuten vorsichtigen Schuttelns verdUnnt. Die 

Ze en wurden durch Zentrif ugacion gesammelt und in 200 ml 

8t 0dl " B MedlUn tIMEM * 2 ° % f8tales 
Glutamin (2.0 mM>. 2-Mercaptoethanol (loo my. 100 uM 

HypoxantHine. 0.4 uM Aminopterine und 16 uM Thymidine 
(HAT) ] resuependiert. Die Suspension wurde auf 10 Gewebe- 
?! ll™T\ diB ieWeUS 96 enchielten 

Atmosphare von 5% co 2 und einer relativen Luf tf euchtigfceit 
von 98% LI Tage lang inlcubiert. ™ti<J*e lt 

Die AntiKorper aeichnen sich aus durch ihre inhibierende 
Wic*ung au< die TNP-Bindung an HL60-Zellen oder durch "re 
Bin ung an Antigen im riltertest genass 8eispiel ^ 
Nachwexs der biologischen Afctivitat von anti(T N P- BP ,-Anti- 
? 9 T z \r Ae "»"—«"—■ -reahren: Sxl0< HLSO oder 
U937-Zellen wurden in vollstandigem RPMI 1640 Medium 
susammen mic af f initatsgereinigten aonoKlonalen anti- 
-(TNP-BP)-AntiJcorpern oder KontrollantikSrpern (d h 
solchen. die nicht gegen TNP-BP gerichtet sind, in ei nen 
Konsentratxonsbereich von l ng,ml bis 10 U g /nl inlt ubiert. 
Nach einec stunde InKubation bei 37 o C wurden die Zellen 
durch Zentrif ugation gesammelt und mit 4.5 ml PBS bei o-C 
gewaschen. Sie wurden in 1 ml vollstandigem rpmi l640 Medium 
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(Beispiel^), das zusatzlich 0.1% Natriumazid und l25 i 
-TNFa (10 cpn/nl) mit oder ohne Beigabe von unmar- 
kiectemTNFa (s.o.) enthielt. resuspendiert. Die spezifi 
sche Radioaktivitat des 125 i-TNF« betcug 700 ci/nnol 
Die zellen warden 2 stunden bei 4-C inkubiert. gesammelt und 
4 mal .it 4.5 ml PBS, das 1% BSA und 0.001% Triton X loo 
(Fluka) enthielt. bei o-c gewaschen. Die an die Zellen 
gebundene Radioaktivitat wurde in einem Y-Scintillations- 
zahler gemessen. in eine» vergleiohbaren Experiment wurde 
die zeilgebundene Radioaktivitat von Zellen. die nicht mit 
aoti-(TNF-BP)-Antikorpern behandelt worden waren. bestimmt 
(ungefahr 10 000 cpm/5xl0 6 Zellen). 

Beispial 4 

Aff inicatschro matoarap hi a 



FUc die weicere Reinigung wurden jeweils ein gemass 
Beispiel 3 erhaltener monolclonaler anti-( 55 kD TNF-BP) -Anti 
20 "'Per (2.8 mg/ml Gel). TNFa (3.0 mg/ml Gel) und Rinder- 
serumalbumin (BSA. 8 . 5 mg/ml Gel) gemass den Vorschriften 
des Herstellers kovaient an CMBr-aktivier te Sepharose 4B 
(Pharmacia. Uppsala. Schweden) gekoppelt. Der gemass 
Beispxei 2 erhaltene Zellextcakt wurde iibet die so herge- 
25 stellten und in der folgenden Reihenfolge hintereinander- 

gescnalteten saulen geleitet: BSA-Sepharose-VorsSule. immun- 
affinitatssaule TAnti-css KD-TNF-BP)-Antikdrper J TNFo- 
-Ligand-Aff initatssaule. Nach vollstandigem Auftrag wurden 
die bexden ietztgenannten saulen abgetrennt und einzein fur 
30 sich mit je loo ml der folgenden Puff er loeungen gewaschen: 
(1) PBS. 1.0% Triton x-100. io mM Benzamidin. 100 E/ml 
Aprotinin; (2) PBS. 0.1% Triton X-100. 0.5M NaCl. 10 mM ATP 
10 mM Benzamidin. loo E/ml Aprotinin; und (3) PBS . 0 1% 
Triton x-100. l0 mM Benzamidin. loo E/ml Aprotinin. Sowohl 
35 die immun- ais aucti die TNFa-iITgand-Af f initatsskule wurden 
dann nut loo mM Glycio P H 2.5. 100 mM Naci. 0.2% Decyl- 
maltoside. io mM Benzamidin. 10 0 E/ml Aprotinin jede fur 
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sich eluiect. Die im Filtectest gemass Beispiel l aktiven 
Fcaktionen jeder siule wurden danacb jeweils veceint und mit 
1M Tcis pH 8.0 neutcalisiect. 

Die so veceinten TNF-BP-aktiven Fcaktionen dec Immun- 
-AfEinitatschromatographie eiiiecseics und dec TNFa-Ligand- 
-Affinitatschcomatogcaphie andececseits wucden zuc weitecen 
Reinigung nochmals auf je eine kleine TNFa-Ligand-Af f ini- 
tatssaule aufgetcagen. Danach wucden diese beiden Siulen mit 
je 40 ml von (1) PBS. l.o% Tciton X-100. 10 mM Benzamidin. 
100 E/ml Apcotinin. (2> PBS. 0.1% Triton X-100. 0,5H NaCl. 
10 mM ATP. iomM Benzamidin. 100 E/ml Apcotinin. (3) PBS 
0.1% Tciton X-100. (4) so mM Tcis P H 7.5. 150 mM NaCl. i.o% 
NP-40. 1.0% Desoxycholat. 0.1% SDS. (5) PBS. 0.2% Decyl- 
maltosid gewaschen. Anschliessend wucden die SMulen mit 
100 mM Glycin pH 2.5. 100 mM NaCl. 0.2% Decylmaltosid 
eluiect. Fcalctionen von O.s ml von jeder saule wucden Etlc 
sich gesammelt und die gemass Filterteat (Beispiel 1) 
aktiven Fcaktionen von jedec saule jeweils fuc sich veceint 
und in einec Centricon-Einheit (Amicon. Molekulacgewichts- 
-Ausschluss 10>000) aufkonzentciect. 

Beispiel S 

Auftren nuno mit tele HPT.r 

Die gemass Beispiel 4 echaitenen aktiven Fcaktionen 
wucden gemass Ihcer untecschiedlichen Heckunft (Immun- bzw. 
Ligand-Affinitatschcomatogcaphie) jeweils tile sich auC C1/C8 
Umkehcphasen-HPLC-saulen (PcoHPC. Pharmacia. 5x20 mm), die 
nit 0.1% Tcifluocessigsauce. 0.1% Octylg lU co8id eguilibciert 
wocden wacen. aufgetcagen. Die saulen wucden dann mit einem 
lineacen Acetonitcil-Gcadienten (0-80%) im gleichen Puffec 
bei einem Pluss von O.S ml/min eluiect. Fcaktionen von 
1.0 mi wucden von- jedec saule gesammelt und die aktiven 
Fcaktionen von jedec saule flic sich veceint (Nachweis gemass 
Beispiel l). 
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Beispiel fi 
Auftrennun g mitteln SDS-PAOF 

Die gemass Beispiel 5 erhaltenen und gemass Filtertest 
(Beispiel 1) aktiven Fraktionen wurden dutch SDS-PAGE gemass 
[34J welter aufgetrennt. Dazu wurden die Proben in SDS- 
-Probenpuffer wanrend 3 Minuten auf 95»c ethitzt und 
anschliessend auf einem 12% Acrylamid-Trenngel .it eine» 
5%igen Sammeigel elektrophocetisch aufgecrennt. Als Referenz 
zur Bestiamung der scheinbaren Molekulargewichte auf de» 
SDS-PAGB Gel wurden die Colgenden Eichproteine verwendet- 
Phosphorylase a (97.4 kD) . BSA (66.2 kD). ovalbumin 
(«.7 kD). Carboanhydrase (3i.o kD). Soya Trypsin-Inhibitor 
15 (21.5 kD) und Lysozym (14.4 kD> . 

Unter den genannten Bedingungen wurden fur Proben die 
gemass Beispiel 4 durch TNF-a-Ligandenaf f initatschromato- 
graphie von Xmmunaf f initatschromatographieeluaten erhalten 

20 und durch HPLC gemass Beispiel 5 weiter aufgetrennt worden 
waren. zwei Banden von 55 k D und 51 kD sowie drei schwachere 
Banden von 38 KD. 36 kD und 34 kD erhalten. Diese Banden 
wurden in einem Mini Trans Blot System (BioRad. Richmond. 
Califoraia. USA) elektrophoretisch wShrend l stunde bei 

25 LOO V in 25 mM Tris. 192 mM Glycin. 20% Methanol auf sine 
PVDF-Membran (Immobilon. Millipore. Bedford. Mass. USA) 
transferiert. Danach wurde die PVDF-Membran entweder mit 
0.15% Serva-Biau (Serva. Heidelberg. B RD) in Methanol/Was- 
ser/Eisessig (50/40/10 Volumenteile) auf Protein gefarbt 
30 Oder mit entfettetem Milchpulver blockiert und anschliessend 
zum Nachweis von Banden mit TNF-BP-Aktivitat mit l25 i 
-TNFa gemass den in Beispiel l beschriebenen Filtertest 
bedingungen inkubiert. Dabei zeigte sich. dass alle in der 

35 TNFa banden. Alle diese Banden banden im Western Blot nach 
Towbin et al. [3 8J auch den gemass Beispiel 3 hergesteiiten 
monoklonalen Anti-55kD-TNF-BP-Antik6rper . Dabei wurde ein 
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gemses den in Beispiel i beschr iebenen Verfahren nit 
Na i cadioalctiv narlcierter. aff initatsgereinigter 
(Mau8inununglobulin-Sephaco 8 e-4B-Affinitat86aule) 
Kaninchea-anti-Maus-Immunoglobulin-Antilcatper zum 
autoradiographies Nachveis dieses Antikerpers eingesetzt. 

Proben. die genuies Beispiel 4 durch zweimalige TNF-a- 
-Ligandenaffinitatschromatographie dee Durchlaufs dec Immun- 
affinxtatschconatographie erhalten und durch HPLC gemaae 
Beispiel 5 weitec aufgetrennt worden waren. zeigten unter 
den oben spezif izierten SDS-PAGB- und Blottcansf er-Be- 
dingungen zwei zusatzliche Banden von 75 kD und 65 kD die 
beide i» Piltertest (Beispiel 1) spezifisch TNF banden. i« 
Western Blot genass Towbin et al. (s.o.) reagierten die 
Proteine dieser beiden Banden nicht nit den genass Beispiel 
3 hergestellten anti- (5 5 kD TNF-BP)-Antika C per . sie reagier- 
ten allerdings mit einem monoklonalen AntikSrper. dec 
ausgehend von dec 75 kD-Bande (antl-7 5 kD TNF-BP-Antik8rper ) 
gemiss Beispiel 3 erzeugt woe den war. 

Beispiel 7 

AminosaureBeoiii»n Z analYB» 
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Zur Aninosauresequenzanalyse wurden die genass Beispiel 
5 ernaltenen und gemMss Filtertest (Beispiel l) aktiven 
Fraktionen mittels der in Beispiel 6 beschr iebenen. nun 
jedoch reduzierenden. SDS-PAGB Bedingungen (SDS-Probenpuf f er 
nit 125 nM Dithiothreitol) aufgetrennt. Ea wurden die 
30 gleichen Banden wie genass Beispiel 6 gefunden. die aller- 
dings auf arund der reduzierenden Bedingungen der SDS-PAGE 
in Vergleich zu Beispiel 6 alle um etwa 1-2 kD hdhere 
Molekulargewichte zeigten. Diese Banden wurden dann genass 
Beispiel 6 auf PVDF-Membranen Ubertragen und mit 0.15% 
35 Serva-Blau in Methanol/Wasser/Biaesaig (50/40/10 Volunen- 
teile) wahrend l Minute gefSrbt. nit Methanol/Wasser/Bis- 
eesig (45/48/7 volunenteile) enttarbt, mit Wasser gesplllt 
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luftgetrocknet und danach ausgeschnitten. Bei sSmtlichen 
Schritten wurden zur Vermeidung von N-ter»inalec Biockierung 
dxe von Hunkapilier [34] angegebenen Bedingungen einge 
haiten. Zunachst wurden die gereinigten tnp-bp unverandert 
zur Aminosauresequenzierung eingesetzt. Urn zusatzliche 
Sequenzinformation zu erhalten. wurden die TNF-BP nach 
Reduktion und S-Carboxymethylierung [Jones. B.N. (1986) in 
"Methods of Protein Microcharacterisation". J. B . shiveiy 
ed.. Humana Press. Clifton NJ. 124-125] mit Broncyaa (Tarr 
G.B. m "Methods of Protein Microcharacterisation- . 165-166 
op.cxt.). Trypsin und/oder Proteinase K gespaiten und die 
Peptide mittels HPLC nach bekannten Methoden der Protein 
chemie aufgetrennt. So vorbereitete Proben wurden dann in 
einem automatisier ten Gasphasen-Mikrosequenzier-Gerat 
(Applied Biosystems Modell 470A. ABI , Foster City Calif 
USA, „i t einem on-line nachgeschalteten automatisler ten HPC.C 
PTH-Ammosaureanalysator (Applied Biosystems Modell 120 ABI 
s,o.) sequenziert. wobei die folgenden AminosSuresequenzen 
bestimmt wurden: 

1.. Fur die 55 kD-Bande (gemass nichtreduzierender SDS-PAGE) * 
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-' 

Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-cin-X-Asn-Ser-Ile 
und 

Ser-Thr-Pro-Glu-tys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr-Thr- 
Lya 

wobei X far einen Aminosaurerest steht. der nicht 
bestimmt werden konnte. 

2-. FUr die 51 kD und die 38 kD-Banden (gemass 
nichtreduzierender SDS-PAGE) : 
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu 

3 „- ™* die„65 kD-Bande . (gemags. nichtreduzierender SDS-PAGE). * 
Bei der N-terminalen Sequenzierung der 65 kD Bande 
wurden bis zum 15. Best ohne Unterbrechung zwei 
paralleie Sequenzen ermittelt. Da eine der beiden 
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15 



20 



Sequenzen einer Teilsequenz des. Ubiquitins [36,37] 
entsprach. vurde fur die 65 kD-Bande die folqende 
Sequenz abgeleitet: 

Leu-Pro-Ala^Gln.Val-Ala-Phe-x-Pro.TKr.Ala.Pro-Glu-Pro^Gly. 
Ser-Tnr-Cys. 

vobei X fur einen Aminosauretest steht. dec nicht 
bestimmt wecden konnte. 

weitece Peptidsequenzen filr 75 (65) kDa-TNF-Bp wurdea 
bestimmt : 

IU-X-Pto-Gly-Phe-Gly-val-Ala-TVc-Pco-Ala-Leu-Glu 
und 

Ser.Gln-Leu.Glu-Thr-Pro-Glu.Tnr-Leu.Leu-Gi y -ser-Thr-Gla. 
Glu-Lys-Pro-Leu 

und 

Val-Phe-Cys-Thr 
und 

A8n-Gln.Pro-Gln-Aia-Pro-Gly-VaUGlu-Ala^Ser-Gly-Ala.Gly- 
Glu-Ala 



und 

Leu-Cys-Ala-Pro 
und 

25 Val-Pro-His-Leu-Pro-Ala-Asp 
und 

Gly-Ser-Gln-Gly-Pco-Glu-Gln-Gln-X-X-Leu-ne-X-Ala-Pro 

vobei x fuc einea Aminosauceceet steht. dec nicht 
30 bestimmt wecden konnte. 

Beisoiel a 

Bestimmung von Ra B Pn--5equen 2 en von komoi >,.n>» c tr dma < cdma i 
35 ~ 

Ausgehend von dec Aminosaucesequeru gemass Focmel IA 
wucden uncec BecUclcsichtigung des genetischen Codes zu den 
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Aminosaureresten 2-7 und 17-23 entsprechende. vollstandig 
degenerierte Oligonucleotide in geeignetec KomplementaritSt 
synthetisiert ("sense" and "antisense" Oligonucleotide). 
Totale zelluUre SNA wurde aus HL60-Zellen isoliert [ 42 . 
5 «J. und dec erste cDNA-strang durch Oligo-dT-Priming oder 
durch Priming mit dem "antisense" Oligonucieotid mittels 
eines cDNA-Synthese-Kits (rpn 1256. Amersham. Amersham. 
England) geoUiss der Anleitung des Herstellers synthetisiert 
Dieser cDNA-strang und die beiden synthetisierten degene- 
10 cierten "sense- und -anti-sense" Oligonucleotide wurden in 
einer Polymerase-Kettenreaktion (PCS. Perkin Elmer Cetus. 
Norwalk. CT. USA gemJss Anleitung des Herstellers) dazu 
verwendet. die CUr die Amlnosaure-Beste 8-16 (Formel IA) 
codierende Basesequenz als cDNA-Fragment zu synthetisieren. 
15 Die Basensequenz dieses cDNA-Fragmentes lautet: 

5 •-AGGGAGAAGAGAGATAGTGTGTGTCCC-3*. Dieses cDNA-Fragment 
wurde als Probe verwendet. urn nach bekannten Vetfahren einen 
CUr das 55 kD TNF-BP codietenden cDNA-Klon in einer 
Xgtll-cDNA-Genbank von menschlicher Placenta zu identifi- 
20 zieren (42.43). Dieser Klon wurde dann nach Ublichen 

Methoden aus dem \-Vektor geschnitten und in die Plasmide 
PUC18 (Pharmacia. Uppsala. Sweden) und P UC19 (Pharmacia. 
Uppsala. Sweden) und in die M13mpl8/Mi3mpl9 Bacter iophagen 
(Pharmacia. Uppsala. Sweden) kloniert (42.43). Die Nukleo- 
25 tidsequenz dieses cDNA-Klons wurde mit einem Sequenase-Kit 
(U.S. Biochemical. Cleveland. Ohio. USA) nach den Angaben 
des Herstellers bestimmt. Die Nukleotidseguenz und die 
daraus abgeleitete AminosSuresequenz fQr das 55 kD TNF-BP 
und dessen Signalpeptid (Aminosaure »-28» bis AminosSure 
30 "0») ist in Figur I mittels der im Stand der Technik 

Ublichen AbkUrzungen fUr Basen wie AminosSuren dargestellt 
Aus Sequenzvergleichen mit anderen. bereits bekannten 
Rezeptorproteinsequenzen lassen sich ungeeahr 180 Araino- 
sauren enthaltende N-terminale wie 220 AminosSure 
35 enthaltende C-terminale Domanen. dievon einer nach den 
Sequenzvergleichen typischen Transmembran-Region von 19 
Aminosauren (in Figur 1 unterstrlchen) getrennt werden. 



bestimmen. Hypothetische Glykosylierungsstellen sind in 
Figur 1 dutch Sterne ilber dec entspcechenden Aninoslure 
gekennzeichnet . 

S Im Wesentlichen analoge Techniken wurden dazu einge- 

setzt. 75/65 kD TNF-BP codietende partielle cDNA-Sequenzen 
zu identif iziecen. wobei allerdings in diesem Fall geno- 
mische humane DNA und von Pepcid iia abgeleitete. voll- 
standig degenerierte 14-mere und 15-mece "sense" und 

10 "antisense" Oligonucleotide vervendet wurden. urn eine 

primare. 26 bp cDNA-Pcobe in einer Polymerase-Kettenreak- 
tion herzustellen. Diese cDNA-Probe wurde dann dazu ver- 
wendet. in einer HL-60 cDNA-Bibliocbek cDNA-Klone von ver- 
schiedener Lange zu identif izleren. Diese cDNA-Bibliothek 

1S wurde mittels isolierter HL60 RNA und einem cDNA-KLonie- 
rungskit (Amersham) nach den Angaben des Herstellers 
hergestellt. Partielle Seguenzen dieser cDNA-Klone sind in 
Figur 4 dargestellt. 

20 Beispiel a 

Expression i ra cos l.^n.n 

Fur die Expression in COS-Zellen wurden Vektoren 
25 ausgehend von dem Plasmid "pNll" Iconstruiert. Das Plasmid 
»PN11» enthalt den effizienten Promotor und Enhancer des 
"major immediate-early- Gens des menschlichen Cytomegalo- 
virus ("HCMV"; Boshart et al.. cell 41. 52 i- 53 0. l985 ) 
Hxnter dem Promotor befindet sich eine kurze DNA-sequenz 
30 welche mehrere Restriktionsschnittstellen enthalt. die nur 
einmai im Plasmid vorkommen ( "Polylinker » ) . u.a. die 
Schnittstellen fur Hindlli. Ball. BamHI und Pvull (siehe 
Sequenz) . 



Pvull 

5 ' - AAGCTTGGCCAGGATCCAGCTGACTGACTGATCGCGAGATC- 3 ' 
3 ' -TTCGAACCGGTCCTAGGTCGACTGACTGACTAGCGCTCTAG-S ' 



s ; %-.-*5- 
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15 



Hinter diesen Schnittstellen befinden sicb drei Transla 
tions-stopcodons in alien drei Leserascern. Hinter dec Poiv- 
Unkerseguenz befindet sich das 2. mtcon und das Polvadeny 
1 erungesignaX des Praproinsulingens der Ratce (Lo»edL 0 e T 

M ' 545 558 1979) - DaB pia - id -1 L 

unTdf' J C ° U - Ba,lteci « A-npiciliin-Resistenz verleibc 

und die Replikatxon dee Plasaids in B. coli er n » g iicht. 

Zur Konstruktion des Expressionavektors »pNi 23 .. wurde 

aes e8 h^ laSBld " PNU " "'""^-endonukXease PvuH 

III T an8Chlle6 " ad alkaliscber Pbospbata 8 r 

e neT 6 °" wurde danacb aus 

tide ae?r R T l iSOlieCt (V1K DU 5 '-"«^°^nden Nukleo- 
tide des BcoRl-geachnittenen 1. 3kb-Fragments der 55 kD 
™r-BP-c DNA (sieh e Beispiel a, wurden ait Hil ee vo" Kienow 
-Enzyn. aufgefUXlt. AnscbXiessend wurde dieses Fra gni en au T 
einem Agaroeegel isoliect (PI,, oanacb vurden vx L px 
nuttels T4-Ligase nuteinander verbunden. E. coli HBXOl-zel 
len wurden dann . 4t aiese» Ligierungsaneatz nacb bekann en 
Methoden C 4 2 , transf ormiert. Hit Hilfe von Restr iktions- 
analysen und DNA-Seguenzierung nacb bekannten Metboden t 4 2 l 
n;ns e f n or T : anSf ° Cnanten -i« -It einea Plas.id 

25 W ° Cden W " en ' WelCh6S d " l ' 3kb «co.l-r« Wnl: 

H^V pV ™ F " BP_CDNA ^ d " diB Ubec den 

e^e'l I X ;° B r X0 " ektea ° rienti «^ •««.»*. oieser Vektor 
ernielt die Bezeichnung »pNl 2 3». 

2«r Konstruktion dee Vektors "oKl*.. wcae folgender . 
30 -ssen verfabren. Ein DNA-Fcag ra ent. weXcnes nur die til aen 

e«haxt (Aminosauren - 28 bis X62 gemass Figur X, wurde 

:;s t rx 1 3 8 5 : cR ' Technoio9ie - e 23 0 

»?J>e.a^^ Die eolgengen ~" 

35 oixgonukleotide yurden. un, die ftic den extralellu^rln Tail 
des 55 kO TNP-BP codierende cDNA aus . pN12 3- zu a^plUi 
2ieren, verwendec : 
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BAMHI 

5 • -CACAGGGATCCATAGCTGTCTGGCATGGGCCTCTCCAC-3 ' 

ASP718 

5 3 • -CGTGACTCCTGAGTCCGTGGTGTATTATCTCTAGACCATGGCCC 

Dutch diese Oligonucleotide wurden ebenfalls zwei 
Stoplcodons dec Translation hinter Aminosaure 182 eingefuhrt. 
Das so amplifizierte DNA-Fcagment wurde mic BamHI und Asp718 

10 geschnitten, die hlecbei entstandenen ilberstehenden Enden 
mit Hilfe des Klenow-Enzyms aufgeftlllt und dieses Fragment 
anschliessend aus einen Agarosegel isoliect (F2). F2 wurde 
dann mit VI ligiect und dec gesamte Ansatz zuc Transforma- 
tion von E. coli HB101. wie beceits beechrieben. vervendet. 

s Tcansformanten. die mit einem Plasmid transf ormiert worden 
waren. welches das DNA-Fragment in der £(ir die Expression 
liber den HCMV-Pco.no tor korrekten Orientierung enthielten. 
wurden mittels DNA-Sequenzierung (s.o.) identif iziert . Das ' 
dacaus isolierte Plasmid erhielt die Bezeichnung »pK19». 

0 

Transfektion der CQS-Zeilen mit den Plasmiden » P N123» 
oder »pK19» wurde nach der von Feigner et al. vecSCfent- 
lichten Lipofections-Methode (Proc. Natl. Acad. Sci. USA 84. 
7413-7417. 1987) durchgef Uhr t . 72 Stunden nach ecfolgter 

; Transfektion wurden die mit "PN123'" transf izierten Zellen 
nach bekannten Methoden mit 1Z5 I-TNFa auf Bindung analy- 
siert. Das Resultat dec Scacchard-Analyse [Scatchard. G. . 
Ann. N.Y. Acad. Sci. 51. 660. 1949] der so erhaltenen 
Bindungsdaten (Figur 2A) ist in Figur 2B dargestellt Die 

, KulturUberstande der mit »pK19« transf iziecten Zellen wurden 
in einem "Sandwich '-Test untecsucht. Dazu wurden PVC-Micro- 
titerpiatten (Dynatech. Arlington. VA. USA) mit 
100 wl/Loch eines Kaninchen-anti-Maus Immunglobulins 
(10 wg/ml PBS) sensibilisiert. Anschliessend wurde die 
Platte gewaschen und mit einem anti-55 kD TNP- B p-Antikorper. 
der gemSss Beispiel 3 durch seine Antigenbindung nachge- 
wiesen und isoliert wurde. der aber die TNF-Bindung an 



Zellen nicht inhibiert. inkubiect (3 Stunden. 20«C) . Die 
Platte wurde dann vieder gewaschen und Uber Nacht bei 4 * c 
■it 100 ul/Locft der Kulturuberstande (1:4 verdfinnt mit 1* 
entfettetec Milchpulver enthaltendem Puffer A: 50 mM 
Tris/HCl pH 7.4. 140 mM NaCl. 5 mM EDTA, 0.02% Na-Azid) 
inkubiert. Die Platte wurde entleert und mit l25 I-TNPa 
enthaltendem Puffer A (io 6 cpm/ml. loo ul/Loch) mit oder 
ohne Zusatz von 2 w „ n i unmarkiertem TNP wahrend 2 Stunden 
bei «-c inkubiert. Danach wurde die Platte 4 mal mit PBS 
gewaschen. die einzelnen Lacher wurden ausgeschnitten und in 
einem Y-Zahler gemessen. Die Resultate von S parallelen 
Transfektionen (Saulen # 2. 3 . 4. 6 und 7). von zwei 
Kontroll-Transfektionen mit dem pNll-Vektor (Saulen » l s> 
und von einer Kontrolle mit HL60-Zell-Lysat (Saule » 8)'sind 
in Figur 3 dargestellt. 



Beispiel in 

Expression In Tnsektgn>»i 

Fllr die Expression in einem Baculovirus-Expressions- 
system wurde von dem Plasmid »pVL94l» (Uickow und Summers. 
1989. -High Level Expression of Nonfused Foreign Genes with 
Autographa California Nuclear Polyhedrosis virus Expression 
Vectors-. Virology 170. 31 . 3 9) ausgegangen und dieses 
folgendermassen modifiziert. Bs wurde die einzige EcoRI- 
-Restnktionsschnittstelle in -PVL941- entfernt. indem das 
Plasmid mit EcoRI geschnitten und die iiberstehenden S'-Enden 
mit Kienow-Enzym aufgefiillt wurden. Das hieraus erhaltene 
Plasmid PVL941/E- wurde mit BamHI und Asp7i 8 verdaut und der 
Vektorrumpf anschliessend aus einem Agarosegel isoliert 
Dieses Fragment wurde mit einem synthetischen Oiigonukleotid 
der folgenden Sequenz ligiert: 

BamHI EcoRI Asp7l8 
5' - GATCCAGAATTCATAATAG - 3' 

3' - GTCTTAAGTATTATCCATG - S' 
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B. coli HB101 wurde mit dem Ligierungsansatz trans- 
formiert und Transf ormanten. die ein Plasmid enthielten in 
welches das OligonuKleotid korrekt eingebaut worden war 
wurden durch Hestriktionsanalyse und DNA-Sequenzierung nach 
bekannten . Method en (s.o.) identiCiziert; dieses Plasmid 
wurde -PNR704- genannt. Zur Rons t miction dee Transf ervektors 
"pNil3" wurde dieses Plasmid '•pNR704» mit EcoHl geschnitten 
mit alkalischer Phosphatase behandelt und der so erzeugte 
Vektorrumpf (V2) anschlleseend aus einem Agarosegel iso- 
liert. Das wie oben mit BcoRI geschnittene 1.3 kb-Pragment 
der 55 kD TNP-BP-cDNA wurde mit Fragment V2 ligiert- Mlt 
diesem Ligierungsansatz erhaltene Transf ormanten. die ein 
Plasmid enthielten. welches das cDNA-lneert in der korrekten 
orientierung fur die Expression ilber den Poiyhedrinpcomotor 
15 enthielten. wurden identif iziert (s.o.). Der daraus iso- 
lierte Vektor erhielt die Bezeichnung "pNH3 » . 

Zur Konstruktion des Transf ervektors "pNH9« wurde 
folgendermassen vorgegangen. Das 1.3 kb EcoRI/BcoRl-Fragment 
20 dec 55 kD TNF-BP cDNA in dem - P UC19«-Plasmid (siehe Beispiel 
8} wurde mit Bam vecdaut und mit dem folgenden syntheti- 
schen Oligonukleotid ligiert: 

BanI Asp7L8 
25 5' - GCACCACATAATAGAGATCTGGTACCGGGAA - 3' 

- 5* 



3* - GTGTATTATCTCTAGACCATGGCCC 



Mit dem obigen Adaptor werden zwei Stopcodons der 
Translation hinter Aminosaure 182 und eine Schnittstelle fur 

30 die Restriktionsendonuklease Asp7l8 eingebaut. Nach er- 
folgter Ligation wurde dec Ansatz mit EcoRl und Asp7l8 
verdaut und das partielle 55 kD TNF-BP-Fragment (F3) 
isoliert. welterhin wurde das ebenfalle mit Asp7l8 und EcoRl 
geschnittene Plasmid » P NR704» mit F3 ligiert und der Ligie- 

35 rungsansatz in E. coli HBIOI transf ormiert . Die Identifika- 
tion der Transformanten. welche ein Plasmid enthielten. in 
das die partielle 55 kD TNF-BP cDNA korrekt fUr die Expres- 
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sioa integriert wocden war. erfolgte wie bereits beschrie- 
ben. Das aus diesen Transf ormanten isolierte Plasmid echielt 
den Namen ,, pNH9" . 

Zuc Konstruktion des Transf ervektors "pNl24" wurde 
folgendecmassen vorgegangen. Das in Beispiel 9 beschriebene 
fur den extrazelluiaren Teil dee 55 kD TNF-BP codiecende 
cDNA-Pragment wurde mit den angegebenen Oligonukleotiden mit 
Hilfe dec PCB-Technoiogie. wie in Beispiel 9 beschrieben. 
amplifiziert. Dieses Fragment wurde mit BamHi und Asp718 
geschnitten und aus einem Agarosegel isoliert (P4). D as 
Plasmid -PMR704" wurde ebenfalls mit BamHI und As P 718 j 
geschnitten und der Vektotrurapf (V4) wurde isoliert (s o ) 
Die Pragmente V4 und F4 wurden ligiert. B. coli HBlOl damit 
15 transfocmiert und der rekombinante Transf ervektor »pNL24» 
wurde. wie beschrieben. idencif iziert und isoliert. 

Zur Transfektion der Insektenzellen wurde folgender- 
massen vorgegangen. 3 W g des Transf ervektors »pNll3" 
20 wucden nit l ug DNA des Autographa calif ornica-Nuklear- 

polyhedrosisvirus (AcMNPV) (BP 127839) in Sf9-Zellen (ATCC 
CRL 1711) transfektiert. Polyhedtin negative Viren wurden 
identifiziert und aus "Plaques- gereinigt [52]. Mit diesen 
rekombinanten Viren wurden wiederum Sf9 Zellen wie in [52] 
25 beschrieben. infiziect. Nach 3 Tagen in Kultur wurden die 
mfizierten Zellen auf Bindung von TNF mittels l25 l-TNFa 
untersucht. Dazu wurden die transf ektier ten Zellen mit einer 
Pasteurpipette von der Zellkulturschale abgewaschen und bei 
einer Zelldichte von SxlO 6 Zellen/ml Kulturmedium [52] 
30 das 10 ng/ml 5 l-TNF-« enthielt. sowohl in Anwesenheit 
wie Abwesenheit von 5 ug/ml nichtraarkiertem TNF -a 
resuspendiert und 2 stunden auf Eis inkubiert. Danacb wurden 
die Zellen mit reinem Kulturmedium gewaschen und die zell- 
- gebundene Badioaktivitat in einem_y-zahler gezShlt (siehe 
36 Tabs lie 2). " ;~ 
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Zellgebundene Had ioakt ivi tat 
Zellen pro 10 6 Zellen 

nichtinf izierte Zellen 60 cpn 

(Kontrolle) 

infi2iecte Zellen 160 o ± 330 cpm X> 

10 X) Mittelwect und Standardabveichung aus 4 Exper iraenten 
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1. Hichtlfisliche Pcoteine und Iflalicne oder nicht- 
lSsliche Fragment, davon. die TNF binden. in homogenec Focm. 

5 sowie derea physiologisch vertrlgliche Salze. 

2. Verbindungen gemSss Anapcuch 1. die durch Molekulac- 
gewictate gemmae SDS-PAGB untet nichtceduzierenden Be- 
dingungen von etwa 55 kD und 75 kD charakter iaiert sind. 

10 

3. Vecbindungen gemass einem dec Ansprilche i und 2. die 
wenigetens eine dec folgenden Aminosauceaeguenzen enthalten: 

Leu-Val-Pro-Hia-l.eu-Gly-Asp-Acg-Glu-Lys-Acg-Asp-Sec-Vai-Cya- 
1S p co-Gin-Gly-Lys-Tyr-lie-His-Pco-Gln-X-Asn-Sec-ile; 

Sec-Thc-Pco-Glu-Lys-Glu-Gly-Giu-Leu-Glu-Giy-Thc-Thc-Thr-Lys; 

Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyc-Ala-Pco-Glu-Pco- 
20 Gly-Sec-Thc-Cya; 

Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pco-Ala-Leu-Glu; 

Sec-Gln-Leu-Glu-Thc-Pro-Glu-Thc-Leu-Leu-Gly-Sec-Thr-Glu- 
25 Glu-Lys-Pco-Leu: 

Val-Phe-Cys-Thr; 

Asn-Gln-Pco-Gln-Ala-Pco-Gly-val-Glu-Ala-Ser-Gly-Ala-Gly- 
30 Glu-Ala; 

Leu-Cya-Ala-Pco; 

JJa.l-P-r.o-Hi 8 ^Leu^p.r.o-Ala-Aep;-_ . - _ 

35 

Gly-Ser-Gln-Gly-Pco-Glu-Cln-Gln-X-X-Leu-Ile-X-Ala-Pro 
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wobei x tUr einen nicht bestimmten AminosSurerest steht. 

4. Ein Verfahren 2ur Isolierung einer Verbindung gemass 
einem der AnsprUche 1-3, dadurch gekennzeichnet, dass man im 
5 wesentlichen die folgenden Reinigungsschr itte nacheinander 
ausftthrt: Horstellung eines Zellextraktes, Immunaf f initats- 
chromatographie und/oder ein- odec mehrfache Ciganden- 
aff initatschromatographie. HPLC und pcMparative SDS-PASB. 

10 5. Pharmazeutische Praparate. dadurch gekennzeichnet , 

dass sie eine Oder mehrere Vecbindung(en) gemass einem der 
Anaprtiche 1-3. gewUnschtenf alls in Kombination mit veiteren 
pharmazeutisch virksamen Subtanzen und/oder nicht- toxischen. 
inerten, therapeutisch vertraglichen Tragermater ialien 

15 enthalten. 

6. Vervendung einec Verbindung gemass einem der 
AnsprUche 1-3 zur Herstellung pharmazeutischer Praparate 
bzw. zur Behandlung von Krankheiten. bevorzugt solchen. bei 

20 denen TNF involviert ist. 

7. Gegen eine Verbindung gemass AnsprUche 1-3 gerichtete 
Antikdrper . 

25 8- DNA-Sequenzen. die fUr Proteine und lSsiiche oder 

nichtidsiiche Fragmente davon. die TNF binden. Jcodieren. 

9. Von DNA-Sequenzen gemass Anspruch 8 kodierte rekora- 
binante Proteine. 
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10. Vektoren, die DNA-Sequenzen gemass Anspruch 8 
enthalten und zur Expression der von diesen DNA-Sequenzen 
kodierten Proteinen in prokaryotischen- vie eukaryot ischen 
Wirtssystemen geeignet sind. 



35 



11- Profcaryotische- vie eukaryotische Wirtssysteme. di 
mit einem Vektor gemass Anspruch 10 transf ormier t vocden 
sind. 



12, Bin Verfahren zur Herstellung von Verbindungen 
gemass Anspruch 9. das dadurch gekennzeichnet ist. dass man 
ein wie in Anspruch 11 beanspruchtes transf orraier tes Wirts- 
system in einem geeigneten Medium kultiviert und aus dent 
Wirtssystem seibst oder dem Medium solche Verbindungen 
isoliert . 
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SerAspSerUa I CyaflapSepCyaG I uflapSepThpTypThpG I nLeuTrpflsnTrpUol 
TCGCflCTCCGTGTCTGfiCTCCTGTGflCGflCflGCflCflTfiCflCCCflGCTCTCGflflCTCGGTT 

* ■ • • 

ProG I uCyaLeuSepCyaG I ySepflpgCyaSepSepRapG I nUo I G I uThrG I nfl I aCya 
CCCGRGTGCTTGRGCTGTGGCTCCCGCTGTRGCTCTGRCCRGGTGGRRRCTCRRGCCTGC 

ThrflpgG I uG I nRanflpg I I eCyaThrCysflrgProG I yTppTypCyafl I aleuSepLya 
RCTCGGGRRCnGRRCCGCRTCTGCflGCTGCRGGCCCGGCTGGTACTGCGCGCTGRGCRRG 

GlnGluGI yCyaflpgleuCy afl I oPr oLeuProLysCy sflrgProG I yPheG lyUalflla 
CRGGRGGGGTGCCGGCTGTGCGCGCCGCTGCCGflflGTGCCCCCCGGGCTTCGGCGTGGCC 

RrgProG I yThrG I uThpSepflapUo I Da I CyaLyaPr oCyafi I aProG I yThrPheSer 
RGRCCflGGflflCTGflflflCflTCflGflCGTGGTGTGCflflGCCCTGTGCCCCGGGGRCGTTCTCC 

RsnThrThrSepSerThrflapl I eCyaRrgProH i aG I n I leCysflanUalUolfllal le 
flflCflCGflCTTCflTCCflCGGflTflTTTGCflGGCCCCflCCRGflTCTGTflflCGTGGTGGCCflTC 

♦ , t 

PpoG I yflsnR I aSerRrgRspR I aUal CyaThrSerThrSerPr oThrflrgSernetfl I a 
CCTGGGflflTGCRRGCflGGGflTGCflGTCTGCflCGTCCflCGTCCCCCflCCCGGRGTRTGGCC 

ProG lyRlaUalHi aLeuProG I nPr oUa I SerThpflr gSerG I nH i aThrG I nProSeP 
CCRGGGGCflGTflCflCTTflCCCCflGCCflGTGTCCRCRCGRTCCCflflCflCflCGCRGCCflflGT 

PpoG I uPpoSepThpfl I aProSerThrSerPheLeuLeuPrortetG I yProSepPpoPpo 
CCRGflflCCCflGCflCTGCTCCflflGCflCCTCCTTCCTGCTCCCflftTGGGCCCCRCCCCCCCR 

RlaGluGI ySepThrG I yRapPheR I oLeuProUa I G I yLeu I I eUa I G i yUa I Thrfl I a 
GCTGRRGGGflGCflCTGGCGflCTTCGCTCTTCCRGTTGGRCTGflTTGTGGGTGTGflCRGCC 

LeuG I yLeuLeu I lei leGlyUglllal RahCyaUa I I I ellel ThrG I nUa I LyaLy aLya 
TTGGGTCTflCTflRTflflTRGGflGTGGTGflflCTGTGTCflTCflTGRCCCRGGTGflflflflflGRflG 

PpoLeuCyaLeuG I nflpgG I uR I oLysUo I ProH I aLeuPpoR I aRapLy aR laflrqG I y 
CCCTTGTGCCTGCRGRGRGRRGCCRRGGTGCCTCRCTTGCCTGCCGflTRRGGCCCGGGGT 

ThpG I nG I yPpoG luGlnGlnHi aLeuLeul I eThpfll aPpoSepSepSepSepSepSep 
RCRCRGGGCCCCGRGCRGCRGCRCCTGCTGRTCRCRGCGCCGRGCTCCRGCRGCRGCTCC 

LeuG I uSepSepfl I oSerfl I aLeuflapflpgflpgfl I aPpoThpflpgflanG I nPpoG I nfllo 
CTGGRGRGCTCGGCCRGTGCGTTGGflCRGflRGGGCGCCCflCTCGGRflCCRGCCflCRGGCfl 
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Beschreibung 

[0001 ] Tumor Nekrosis Faktor a (TNFa. auch Cachectin), auf Grund seiner haemorragisch-nekrotisierenden Wir- 
kung auf bestimmte Tumoren entdeckt und Lymphotoxin (TNF8) sind zwei nahe verwandte Peptidfaktoren [3] aus der 

5 Klasse der Lymphokine/Cytokine. die im folgenden beide ais TNF bezeichnet werden [siehe Uebersichtsarberten 2 und 
3]. TNF verfugt Qber ein breites zellulares Wirkungsspektrum. Beispielsweise besitzt TNF inhibierende Oder cytotoxic 
sche Wirkung auf eine Reihe von Tumorzeltlinien [2,3], stimuli ert die Proliferation von Fibroblasten und die phagozytie- 
rende/cytotoxische Aktivitat von myeloischen Zellen [4,5,6]. induzierl AdhasionsmolekGle in Endothelzellen Oder ubt 
eine inhibierende Wirkung auf Endothel aus [7.8.9.101. inhibiert die Synthese von spezifischen Enzymen in Adipozyten 

w [1 1] und induziert die Expression von Histokompatfoilitatsantigenen [12]. Manche dieser TNF-Wirkungen werden uber 
eine Induktion von anderen Faktoren oder durch synergistische Effekte mit anderen Faktor en. wie beispielsweise Inter- 
feronen oder Interleukinen erzielt [13-16]. 

[0002] TNF ist bei einer Reihe von Pathologischen Zustanden, beispielsweise Schockzustanden bet Meningococ- 
cen-Sepsis [17], bei der Entwicklung von Autoimmun-Glomerulonephritis bei Mausen [18] oder bei cerebraler Malaria 
is bei Mausen [19] und beim Menschen [41] irtvolviert. Ganz aflgemein scheinen die toxischen Wirkung en von Endotoxin 
durch TNF vermitteft zu sein [20]. Weiterhin kann TNF wie lnterleukin-1 Fieber auslosen [39]. Auf Grund der pleiotropen 
funktionellen Eigenschaften von TNF kann man annehmen, dass TNF in Wechselwirkung mit anderen Cytokinen bei 
einer ganzen Reihe weiterer pathotogischer Zustande ais Mediator von Immunantwort, EntzOndung oder anderen Pro- 
zessen beteiligt ist 

20 [0003] Diese biologischen Effekte werden durch TNF Qber spezrf ische Rezeptoren vermittett. wobei nach heutigem 
Wissensstand sowohl TNFa wie TNF8 an die gleichen Rezeptoren binden [21]. Verschiedene Zelltypen unterscheiden 
sich in der Anzahl von TNF- Rezeptoren [22.23.24]. Solche ganz allgemein gesprochen TNF-bindenden Protein e (TNF- 
BP) wurden durch kovalente Bindung an radioaktiv markiertes TNF nachgewiesen [24-29]. wobei die foi enden schein- 
baren Molekutargewichte der erhaHenen TNF/TNF-BP-K6mplexe ermittelt wurden: 95/100 kD und 75 kD [24], 95 kD 

25 und 75 kD [25]. 138 kD. 90 kD. 75 kD und 54 kD [26]. 100±5 kD [27]. 97 kD und 70 kD [28] und 145 kD [29]. Mittels anti- 
TNF-AntikOrper-lmmunoaffinitatschromatographie und praparativer SDS-Folyacrytamidgelelektrophorese (SDS- 
PAGE) konnte ein solcher TNF/TNF BP-Kbmplex isoliert werden [27]. Die reduktive Spaltung dieses Komplexes und 
anschliessende SDS- PAGE- Analyse ergab mehrere Banden, die allerdings nicht auf TNF-Bindeaktivitat getestet wur- 
den. Da -die spezifischen Bedingungen. die zu der Spaltung des Komplexes verwendet werden mOssen. zur Inaktivie- 

30 rung des Bindeproteins fuhren [31], ist letzteres auch nicht moglich gewesen. Die Anretcherung von lOslichen TNF-BP 
aus dem human en Serum oder Urin mittels tonenaustauscher- Chroma tog raphie und Getfiltration (Motekulargewichte 
im Bereich von 50 kD) wurde von Olsson et al. beschrieben [30]. 

[0004] Brockhaus et al. [32] erhietten durch TNFa-LJgandenaffinitatschromatographie und HPLC aus Membranex- 
trakten von HL60-Zellen eine angereicherte TNF-BP-Praparation, die wiederum ais Antigenpraparation zur Herstellung 

35 von monoktonalen AntikOrpern gegen TNF-BP verwendet wurde. Unter Verwendung eines solchen immobilisierten 
AntikOrpers (Immunaffinitatschromatographie) wurde mittels TNFa-Ugandenaffinitatschromatographie und HPLC von 
Loetscher und Brockhaus [31] aus einem Extra kt von humaner Placenta eine angereicherte Praparation von TNF-BP 
erhalten. die in der SDS-PAGE-Analyse eine starke breite Bande bei 35 kD. eine schwache Bande bei etwa 40 kD und 
eine sehr schwache Bande im Bereich zwischen 55 kD und 60 kD ergab. Im ubrigen zeigte das Gel im Bereich von 33 

40 kD bis 40 kD ein en Proteinhintergrundschmier. Die Bedeutung der so erhalten en Proteinbanden war jedoch im Hinbltck 
auf die Heterogenitat des verwendeten Ausgangsmaterials (Placenta-Gewebe; vereinigtes Material aus mehreren Pla- 
cemen) nicht klar. 

[0005] Fusionsproteine bestehend aus der extrazellularen Domane von nicht zur Immunoglobufinfamilie gehOren- 
den membranstandigen humanen Proteinen, wie beispielsweise Tumor- Nekrose- Faktor- Rezeptor. und Immunoglobuli- 
ns nen. insbesondere der konstante Teil der schweren Kelle , wobei die Fusion bevorzugt an den Hinge Bereich erfolgt, 
sind in EP 464533 erwahnt Die Herstellung der erfindungsgemassen p55-Tumor-Nekrose-Faktor-Rezeptor-Fusions- 
proteine ist allerdings weder in EP 464533 offenbar noch sind solche Fusionsproteine und deren vorteilhaften Eigen* 
schaften Qberhaupt dort genanrrt. 

[0006] Die vorliegende Erfindung betrifft somit weiterhin DNA-Sequenzen. die eine Kombination aus zwei Teil* 
so DNA-Sequenzen umfassen. wobei die eine Teilsequenz for lOslichen TNF-bindende Fragmente von TNF- Rezeptoren 
kodiert und wobei solche DNA-Sequenzen aus den folgenden auswahlbar sind: 

(a) Fragmente von DNA-Sequenzen, wie sie in Figur 1 dargestellt sind. wie deren komplementare Strange; 
55 (b) DNA-Sequenzen, die mit wie unter (a) definierten Fragmenten hybridisieren; 

(c) DNA-Sequenzen, die auf Grund der Entartung des genetischen Codes nicht mit Sequenzen, wie unter (a) und 

(b) definiert. hybridisieren. aber die fur Polypeptide mit genau gteicher Aminosauresequenz kodieren; 
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und die andere Teit-Sequenz, fur alte Domanen ausser der ersten Domane der konstanten Region der schweren Kette 
von humanen Immunglobulinen der Klasse IgG kodiert. Bevorzugt sind solche DNA-Sequenzen, woiche von NukJeotid 
-1 85 bis 633 bzw. von Nukleotid -14 bis 633 der in Abbildung 1 gezeigten Sequenz reichen. 

[0007] Die vorliegende Erfindung betrifft naturlich auch die von solchen DNA-Sequenzen kodierten rekombinanten 
5 Proteine. Seibstverstandlich sind dabei auch solche Proteine umfasst, in deren Aminosauresequenaen, beispielsweise 
mittels gezielter Mutagenese, Aminosauren so ausgetauscht worden sind. dass dadurch die Aktiyit&t der TNF-BP-Frag- 
mente, namlich die Bindung von TNF oder die Wechselwirkung mit anderen. an der Signalubeplragung beteiligten 
Membrankomponenten, in einer gewQnschlen Ari verandert oder erhalten wurden. Aminosaureauetausche in Protei- 
nen und Peptiden. die im allgemeinen die Aktivitat solcher Molekule nicht verandern, sind im Stand 3er Technik bekannt 
io und beispielsweise von H. Neurath und R.L. Hill in The Proteins" (Academic Press, New York, 197©, siehe besonders 
Figur 6. Seite 14) beschrieben. Die am haufigsten vorkommenden Austausche sind: Ala/Ser, Val/I|© t Asp/Glu, Thr/Ser, 
Ala/Gly. Ala/Thr. Ser/Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro. Lys/Arg, Asp/Asn, Leu/lle, Leu/Val. Ala/Glu, Asp/Gly, sowie 
solche in umgekehrter Weise. Die vorliegende Erfindung betrifft ferner Vektoren, die erfiridungsgernusse DNA-Sequen- 
zen enthalten und zur Transformation von geeigneten pro- wie eukaryotischen Wirtssystemen geeignet sind und deren 
75 Verwendung zur Expression der von den erfindungsgemassen DNA-Sequenzen kodierten Proteine. fuhrt. Schliesslich 
betrifft die vorliegende Erfindung auch noch mit solchen Vektoren transfbrmierte Pro- wie eukaryptleche Wirtssysteme, 
wie Verfahren zur Herstellung von erf indungsgemassen rekombinanten Verbindungen durch KultivlQhjng solcher Wirts- 
systeme und anschliessende Isolierung dieser Verbindungen aus den Wirtssystemen selbst oo)e,r deren KulturGber- 
stand en. 

20 [0008] Gegenstand der vorliegenden Erfindung sind auch pharmazeutische Praparate, die WQnigstens e tries der 
erfindungsgemaBen Proteine, gewunschtenfalls in Verbindung mit weiteren pharmazeutisch wirKoamen Substanzen 
und/oder nicht-toxischen, inerten, therapeutisch vertraglichen TragermateriaJien enthalten. 

(0009] Die vorliegende Erfindung betrifft schliesslich die Verwendung solcher erfindungsgemftfien Proteine einer- 
seits zur Herstellung pharmazeutischer Praparate bzw. andererseits zur Behandlung von Krankhelten, bevorzugt sol- 

25 chen, in deren Verlauf TNF involviert ist. 

[0010] Ausgangsmaterial fur TNF- BP sind ganz allgemein Zellen, die solche TNF-BP in membrangebundener 
Form enthalten und die dem Fachmann ohne Beschrankungen allgemein zuganglich sind. wie ^QtGptelsweise HL60- 
[ATCC Nr. CCL 240]. U 937- [ATCC Nr. CRL 1593], SW 480- [ATCC Nr. CCL 228] und HEp2-2ellen [ATCC Nr. CCL 23]. 
Diese Zellen kOnnen nach bekannten Method en des Standes der Technik [40] oder zum Erzielen hoher Zeildichten 

30 nach dem bereits allgemein und im Detail fur HL60-Zellen in Beispiel 2 beschriebenen Verfahron kultiviert werden. 
TNF-BP konnen dann nach bekannten Method en des Standes der Technik mittels geeigneter DetQrgenzien, beispiels- 
weise Triton X-1 14, l-O-n-Octyl-6-D-gtucopyranosid (Octylglucosid). oder 3-[(3-Cholylamidopropyl)*dimethylammonio]- 
1-propan sulfonat (CHAPS); im besonderen mittels Triton X-100. aus den aus dem Medium abzentrifugierten und 
gewaschenen Zellen extrahiert werden. Zum Nachweis solcher TNF-BP kGnnen die ublicherweisej verwendeten Nach- 

35 weismethoden fur TNF-BP, beispielsweise eine Polyathylengfykol-induzierte Failung des 12S l-TNR/TNF-BP-Komplexes 
[27], im besonderen Ftlterbindungstests mtt radioaktiv markiertem TNF gemass Beispiel 1. verwendet werden. Zur 
Gewihnung der TNF-BP konnen die generell zur Reinigung von Proteinen, insbesondere von Mernbranproteinen, ver- 
wendeten Method en des Standes der Technik, wie beispielsweise lonenaustausch-Chromatbgraph)§, Geffiltration, Affi- 
nitatschromatographie, HPLC und SDS-PAGE verwendet werden. Besonders bevorzugte Methqcten zur Herstellung 

40 von TNF-BP sind Affinitatschromatographie, insbesondere mit TNF-a als an die Festphase gebund^nen Liganden und 
Immunaffinitatschromatographie. HPLC und SDS-PAGE. Die Etution von mittels SDS-PAGE aufQetrennten TNF-BP 
Band en kann nach bekannten Methoden der Proteinen em ie erfolgen, beispielsweise mittels Elektroelution nach 
Hunkapiller et al. [34], wobet nach heutigem Stand des Wissens die dort angegebenen Elektro-Qlaiysezeiten generell 
zu verdoppeln sind. Danach noch verbleibende Spuren von SDS konnen dann gemass Bosserhoff e t al. [50] entfernt 

45 werden. 

[0011] Die so gereinigten TNF-BP kOnnen mittels der im Stand der Technik bekannten Methoden der Peptidche- 
mie, wie beispielsweise N-terminale Aminosauresequenzierung oder enzymatische wie chemioche Peptidspaltung 
charakterisiert werden. Durch enzymatische oder chemische Spaltung erhal ten e Fragment e kQnnen nach gangigen 
Methoden. wie beispielsweise HPLC. aufgetrenrrt und selbst wieder N-terminal sequenziert wOrtlen. Solche Frag- 
so mente, die selbst noch TNF binden, kOnnen mittels der obengenannten Nachweis method en fur TNF-BP tdentifiziert 
werden. 

[0012] Ausgehend von der so erhaitlichen Aminosauresequenzinformation oder den in Figur 1 dargestellten DNA- 
wie Aminosauresequenzen konnen unter Beachtung der Degeneration des genetischen Cod eg nach im Stand der 
Technik bekannten Methoden geeignete OligonuWeotide hergestellt werden [51]. Mittels dieser konnen dann wiederum 
55 nach bekannten Methoden der Molekularbiologie [42.43] cDNA- oder genomische DNA-Banken nach Klonen. die fur 
TNF-BP kodierende Nukleinsauresequenzen enthalten, abgesucht werden. Ausserdem konnen mittels der Polymer- 
ase -Kettenreaktion (PCR) [49] cDNA-Fragmente Woniert werden, indem von zwet auseinanderliegonden, relativ kurzen 
Abschnitten der Aminosauresequenz unter Beachtung des genetischen Codes vol I stand ig degQherierte und in ihrer 
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Komplementaritat geeignete Oligonucleotide als "Primer** eingesetzt werden. wodurch das zwischen diesen beiden 
Sequenzen I i eg end e Fragment amplrf iziert und identrf iziert werden kann. Die Bestimmung der NuWeotidsequenz eines 
derartgen Fragmentes ermoglicht eine unabhangige Bestimmung der Aminosaure-Sequenz des Proteinfragments. fur 
das es kodiert. Die mittels der PGR erhaltlichen cDNA-Fragmente kOnnen ebenfafls, wie bereits fOr die Oligonukieotide 

5 selbst beschrieben. nach bekannten Methoden zum Aufsuchen von fur TNF-BP kodierende Nukleinsauresequenzen 
enthattenden Klonen aus cDNA- bzw. genomische DNA-Banken verwendet werden. Solche Nukleinsauresequenzen 
konnen dann nach bekannten Methoden sequenziert werden [42]. Aufgrund der so bestimmten wie der fur bestimrrrte 
Rezeptoren beretts bekannten Sequenzen konnen solche Teilsequenzen. die fur IdslicheTNF-BP-Fragmente kodieren, 
bestimrrrt und mittels bekannter Methoden aus der Gesamtsequenz herausgeschnitten werden [42]. 

10 [001 3] Die gesamte Sequenz Oder solche Teilsequenzen konnen dann mittels bekannter Methoden in im Stand der 
Technik beschriebene Vektoren zu deren Vervieifaltigung wie Expression in Prokaryoten integriert werden [42]. Geeig- 
nete Prokaryotische Wirtsorganismen stetlen beispielsweise gram-negative wie gram- Positive Bakterien, wie beispiels- 
weise E. coli Stamme, wie E. coli HB 101 [ATCC Nr. 33 694] Oder E. coli W31 10 [ATCC Nr. 27 325] oder B. subtilis 
Stamme dar. 

is [0014] Werterhin konnen erfindungsgemasse Nukleinsauresequenzen in geeignete Vektoren zur Vermehrung wie 
Expression in eukaryotischen Wirtszellen, wie beispielsweise Hefe. Insekten- und Saugerzellen. mittels bekannter 
Methoden integriert werden. Expression solcher Sequenzen erfotgt bevorzugt in Sauger- wie Insektenzellen. 
[0015] Ein typischer Expressionsvektor fur Saugerzellen enthalt ein effizientes Promotorelement, um eine gute 
Transkriptionsrate zu erzieten, die zu exprimterende DNA-Sequenz und Signale fOr eine effiziente Termination und 

20 Polyadenyli erung des Transkripts. Wertere Ef entente* die verwendet werden konnen. sind "Enhancer", welche zu noch- 
1 mals verstarkter Transkription fuhren und Sequenzen, welche z.B. eine langere Halbwertszeit der mRNA bewirken kon- 
nen. Zur Expression von Nukleinsauresequenzen, den en das endogene fur ein Signalpeptid kodierende Sequenzstuck 
fehlt, konnen Vektoren verwendet werden, die solche geeignete Sequenzen, die fur Signafpeptide von anderen bekann- 
ten Protetnen kodieren, enthalten. Siehe beispielsweise der von Cullen, B.R. in Cell 4& 973-982 (1986) beschriebene 

25 Vektor pLJ268 oder auch bei Sharma. S. et al. in "Current Communications in Molecular Biology", edt. by Gething, M.J.. 
Cold Spring Harbor Lab. (1985). Seiten 73-78. 

[0016] Die meisten Vektoren, die for eine transiente Expression einer bestimmten DNA-Sequenz in Saugerzellen 
verwendet werden, enthalten den Reptikationsursprung des SV40 Virus. In Zelten. die das T- Antigen des Virus expri- 
mieren, (z.B. COS-Zellen), werden diese Vektoren stark vermehrt. Eine vorubergehende Expression ist aber nicht auf 

30 COS-Zellen beschrankt. Im Prinzip kann jede transfektierbare Saugerzelllinie hierfur verwendet werden. Signal e. die 
eine starke Transkription bewirken konnen. sind z.B. die fruhen und spaten Promotoren von SV40. der Promoter and 
Enhancer des "major immediate-early" Gens des HCMV (humaner Cytomegalovirus), die LTRs ("long terminal 
repeats") von Retroviren. wie beispielsweise RSV. HIV und MMTV. Es konnen aber auch Signale von zellularen Qenen, 
wie z.B. die Promotoren des Aktin- und Collagenase-Gens, verwendet werden. 

35 [0017] Alternativ konnen aber auch stabile Zelllinien, die die spezHische DNA-Sequenz im Genom (Chromosom) 
integriert haben, erhalten werden. Hierzu wird die DNA-Sequenz zusammen mit einem selektierbaren Marker, z.B. 
Neomycin, Hygromycin, Dihydrofolat-Reduktase (dhfr) oder Hypoxanthin-Guanin-Phosphoribosyltransferase (hgpt) 
kotransfektiert. Die stabil ins Chromosom eingebaute DNA-Sequenz kann auch noch stark vermehrt werden. Ein 
geeigneter Selektionsmarker hierfur ist beispielsweise die Dihydrofolat-Reduktase (dhfr). Saugerzeflen (z.B. CHO-Zel- 
140 I en), welche ken intaktes dhfr-Gen entbalten, werden hierbei nach erfolgter Transfektion mit steigenden Mengen von 
Methotrexat inkubiert. Auf diese Weise konnen Zelllinien erhalten werden, welche mehr als tausend Kopien der 
gewunschten DNA-Sequenz enthalten. 

[0018] Saugerzellen, welche fur die Expression verwendet werden kOnnen, sind z.B. Zellen der menschlichen Zell- 
linien Hela [ATCC CCL2] und 293 [ATCC CRL 1573]. sowie 3T3- [ATCC CCL 163] und L-Zellen, z.B. [ATCC CCL 149], 
4S (CHO)-Zellen [ATCC CCL 61], BHK [ATCC CCL 10]-Zellen sowie die CV 1 [ATCC CCL 70]- und die COS-Zelllinien 
[ATCC CRL 1650, CRL 16511. 

[0019] Geeignete Expressionsvektoren umfassen beispielsweise Vektoren wie pBCl2MI [ATCC 67 109], pSV2dhfr 
[ATCC 37 146], pSVL [Pharmacia. Uppsala, Sweden], pRSVCat [ATCC 37 152] und pMSG [Pharmacia. Uppsala, Swe- 
den]. Besonder bevorzugte Vektoren sind die in Beispiel 9 verwendeten Vektoren "pK19" und "pN123". Diese konnen 

so aus den mit ihnen transformierten E. coli-Stammen HBl0l(pKl9) und HBl0l(pN123) nach bekannten Methoden iso- 
liert werden [42]. Diese E. coli-Stamme wurden am 26. Januar 1990 bei der Deutschen Sammlung von Mikroorganis- 
men und Zellkulturen GmbH (DSM) in Braunschweig. BRD unter DSM 5761 fur HB101(pK19) und DMS 5764 fur 
HB101(pN123) hinterlegt. Zur Expression der erfindungsgemaSen Proteine. eignen sich besonders pSV2 abgeleitete 
Vektoren wie beispielsweise von German, C. in "DNA Cloning" [Vol. II. , edt von Glover, D.M., IRL Press. Oxford, 1985] 

55 beschrieben. Besonders bevorzugte Vektoren sind die bei der Deutschen Sammlung von Mikroorganismen und Zellkul- 
turen GmbH (DSM) in Braunschweig, BRD hinterlegten und in der Europaischen Patentanmeldung Nr. 90107393.2 
genau beschriebenen Vektoren pCD4-Hu (DSM 5315). pCD4-Hyl (DSM 5314) und pCD4-Hy3 (DSM 5523). Besagte 
Europaische Patentschrift wie die in Beispiel 1 1 angegebenen aquivalenten AnmeJdungen enthalten auch Angaben 
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bezdglich der weiteren Verwendung dieser Vektoren zur Expression von chimdren Proteinen (sie.he auch Beispiel 11) 
wie zur Konstruktion von Vektoren fOr die Expression von soJchen chimdren Proteinen mit anderen Imrnunglobulinan* 
teilen. 

[0020] Die Art und Weise wie die Zellen transfektiert werden hangt vom gewahlten Expression^ und Vektorsystem 

5 ab. Eine Uebersicht uber diese Methoden findet man z.B. bei Pollard et aL. "DNA Transformation of Mammalian Cells" 
in "Methods in Molecular Biology" [Nucleic Acids Vol. 2, 1984, Walker. J.M., ed. Humana, Clifton. New Jersey]. Weitere 
Methoden findet man bei Chen und Okayama ["High- Efficiency Transformation of Mammalian Cells by Plasmid DNA". 
Molecular and Cell Biology 7, 2745-2752, 1987] und bei Feigner [Feigner et at., "Upofectin: A highly efficient, lipid- 
mediated DNA-transfection procedure". Proc. Nat. Acad. Sci. USA 84. 7413-7417, 1987], 

w [0021 ] Zur Expression in Insektenzeflen kann das Baculovirus-Expressions-System, welches eohon fur die Expres- 
sion einer Reihe von Proteinen erfolgreich eingesetzt worden ist (fur eine Uebersicht siehe Lugkow and Summers. 
Bio/Technology £, 47-55, 1988). verwendet werden. Rekombinante Proteine konnen authentisch otier als Fusionspro- 
teine hergestellt werden. Die so her g est el rt en Proteine konnen auch modif iziert, wie beispielsweieo glykosyliert (Smith 
et al., Proc. Nat. Acad. Sci. USA 8404-8408, 1987) sein. FOr die Herstellung eines rekombinanteh Baculovirus. der 

is das gewQnschte Protein exprimiert. verwendet man einen sogenannten "Transfervektor". Hierurtfef versteht man ein 
Plasmid, welches die heterologe DNA-Sequenz unter der Kontrolle eines starken Promoters. z.B.. dem des Polyhedrin- 
gens, enthait, wobei diese auf bet den Seiten von viralen Sequenzen umgeben ist. Besonders bevyfSugte Vektoren sind 
die in Beispiel 1 0 verwendeten Vektoren "pN1 13", "pN1 19" und "pN124" Diese konnen aus den mil ihnen transformier- 
ten E. coli-Stammen HBl01(pN1 13). HB101(pN119) und HB101(pN124) nach bekannten Methoden isoliert werden 

20 [42]. Diese E. coli-Stamme wurden am 26. Januar 1990 bet der Deutschen Sammlung von MikroQrQanisrnen und Zell- 
kulturen-GmbH (DSM) in Braunschweig, BRD. unter DSM 5762 for HB101 (pN1 13). DSM 5763 iQt HB101(pN1 19) und 
DSM 5765 fur HBl01(pN124) hinterlegt. Der Transfervektor wird dann zusammen mit DNA des Wttdtyp- Baculovirus in 
die Insektenzellen transfektiert. Die in den Zellen durch homologe Rekombinatton entstehenden rokombinanten Viren 
kOnnen dann nach bekannten Methoden identrfiziert und isoliert werden. Eine Uebersicht Gber das Baculovirus- 

2S Expressionssystem und der dabei verwendeten Methoden findet man bei Luckow und Summers (§£]. 

[0022] Exprimierte erfindungsgemaR Proteine konnen dann nach im Stand der Technik bekannten Methoden der 
Proteinchemie aus der Zellmasse Oder den Kulturuberst&nden gereinigt werden. 

[0023] Auf Grund der hohen Bindungsaff initat erfindungsgemasser TNF-BP fOr TNF (K^-Wefto In den Grossenord- 
nungen von 10" 9 - 10" 10 M) kdnnen diese Oder Fragmente davon als Diagnostika zum Nachweis ygn TNF in Serum oder 
3a anderen Korperf lusstgkeiten nach im Stand der Technik bekannten Methoden, beispielsweise in PGetphasenbindungs- 
tests oder in Verbindung mit Anti-TNF-BP-Antikorpern in sogenannten "Sandwich" -Tests, eingesotzt werden. 
[0024] Im ubrtgen kdnnen erfindungsgemdsse TNF-BP einerserts zur Retnigung von TNF yf>d andererseits zum 
Auffinden von TNF-Agonisten sowie TNF-Antagonisten nach im Stand der Technik bekannten Vertahren verwendet 
werden. 

35 [0025] Die erfindungsgemassen Proteine sowie deren physiologisch vertragliche Salze, die nach im Stand der 
Technik bekannten Methoden hergestellt werden konnen. kOnnen auch zur Herstellung von pharmazeutischen Prapa- 
raten. vor allem solchen zur Be hand lung von Krankheiten, bei deren Vertauf TNF involviert ist, verwendet werden. Dazu 
kann eine oder mehrere der genannten Verbindungen, falls wunschenswert bzw, erforderlich in Verbindung mit anderen 
pharmazeutisch aktiven Substanzen. mit den ublicherweise verwendeten festen oder flussigen Trdgermaterialien in 

40 bekannter Weise verarbeitet werden. Die Dosierung solcher Prdparate kann unter Berucksichtigung der ubltchen Krite- 
rien in Analogie zu bereits verwendeten Prdparaten fthnlicher Aktivitat und Struktur erfolgen. 

Referenz-Beisoiel 1 

45 Nachweis v on TNF-bindenden Proteinen 

[0026] Die TNF-BP wurden in einem Filtertest mit humanem radio- jodier tern 125 I-TNF nachgowiesen. TNF (46,47) 
wurde mit Na 125 I (IMS40, Amersham. Amersham, England) und lodo-Gen (#28600. Pierce Eur©Ghemie, Oud-Beijer- 
land. Niederlande) nach Fraker und Speck [48] radioaktiv makiert. Zum Nachweis der TNF-BP wurden isolierte Mem- 

50 branen der Zellen oder ihre solubilisierten, angereicherten und gereinigten Fraktionen, auf angefeuchtete 
Nitrocellulose-Filter (0.45 ^. BioRad, Richmond, California, USA) aufgetragen. Die Filter wurden dann in Pufferiosung 
mit 1% entfettetem Milchpulver blockiert und anschliessend mit 5 • 10 s cpm/ml 12S l-TNFa (0.3-1.0 * 10 8 cpm/|ig) in zwei 
Ansatzen mit und ohne Beigabe von 5^g/ml nicht-markiertem TNFa inkubiert. gewaschen und luftgetrocknet. Die 
gebundene Radioaktivitat wurde autoradiographisch semiquantitativ nachgewiesen oder in einem r -Counter gezahlt. 

55 Die spezrfische 125 l-TNF-a-Bindung wurde nach Korrektur fur unspezrfische Bindung in Anwesehheit von unmarkier- 
tem TNF-a im Ueberschuss ermittelt. Die spezrfische TNF-Bindung im Filtertest wurde bei vere,<ihiedenen TNF-Kon- 
zentrationen gemessen und nach Scatchard analysiert [33], wobei ein K^-Wert von ~10" 9 -10* 10 M ermittelt wurde. 
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Refer enz-Beisoiel 2 



Zeilextrqkje von Hl-SQ-ZeHen 



is 



25 



[0027] HL60 Zeilen [ATCC-Nr. CCL 240] wurden in experimentellem Labormasstab in etnem RPMI 1640 -Medium 
[GIBCO-Katalog Nr. 074-01800], das noch 2 g/l NaHC0 3 und 5% fotales Kalberserum enthtert, in einer 5% C0 2 -Atmo- 
sphare kulttviert und anschliessend zentrifugiert. 

[0028] Zum Erzielen hoher Zeltdichten in technischem Masstab wurde tolgendermassen verfahren. Die ZDchtung 
wurdo in einem 75 I Airliftfermenter (Fa. Chemap. Schweiz) mit 58 I Arbeitsvolumen durchgefuhrt Hierfur wurde das 
Kassettenmembransystem "PROSTAK" (Millipore. Schweiz) mit einer Membranflache von 0,32 m 2 (1 Kassette) in den 
ausseren Zirkulationskreislauf integriert. Das Kulturmedium (siehe Tabelle 1) wurde mit einer Watson-Marlow Pumpen 
TYP 603 U. mit 5 l/min. umgepumpt. Nach einer Dampfsterilisation der Anlagen wobei das "PROSTAK" System im Auto- 
klaven separat sterilisiert wurde. wurde die Fermentation mrt wachsenden HL-60 Zeilen aus etnem 20 1 Airliftfermenter 
(Chemap) gestartet. Die Zellzuchtung im Impffermenter erfotgte im konventionellen Batchverfahren in dem Medium 
gemass Tabelle 1 und einem Startzelttrter von 2x1 0 5 Zellen/ml. Nach 4 Tagen wurde der HL60 Ansatz mit einem Titer 
von 4,9x1 0 6 Zellen/ml in den 75 1 Fermenter Oberfuhrt. Der pH-Wert wurde bei 7. 1 und der p0 2 Wert bei 25% Saftigung 
gehalten, wobei der Sauerstoffeintrag durch eine mikroporose Fritte erfolgte. Nach anfanglicher Batchfermentation 
wurde am 2. Tag die Perfusion bei einem Zelhtter von 4xl0 6 Zelten/ml mit 30 I Mediumsaustausch Pro Tag gestartet. 
Auf der Filtratserte der Membran wurde das kondttionierte Medium abgezogen und durch den Zulauf von frischem 
Medium ersetzt Das Zulauf medium wurde wre fotgt verstarkt: Primatone von 0.25% auf 0.35%. Glutamin von 5 mM auf 
6 mM und Glucose von 4 g/1 auf 6 g/l. Die Perfusionsrate wurde dann am 3. und 4. Tag auf 72 I Medium/Tag und am 5. 
Tag auf 100 I Medium/Tag erhOht. Nach 120 Stunden der kontinuierlichen ZDchtung wurde die Fermentation beendet 
Unter den gegebenen Fermentationsbedingungen erfolgte exponerttielles Zellwachstum bis 40x10 s Zellen/ml. Die Ver- 
dopplungszeit der Zel (population betrug bis 10x10 s Zellen/ml 20-22 Stunden und stieg dann mit zunehmender Zell- 
dichte auf 30-36 Stunden an. Der Ante) I der tebenden Zeilen lag wahrend der gesamten Fermentationszert bei 90-95%. 
Der HL-60 Ansatz wurde dann im Fermenter auf ca. 12°C heruntergekuhtt und die Zeilen durch Zentrifugation (Beck- 
man- Zentrifuge [Modell J-6B, Rotor JS], 3000 rpm, 10 min., 4°C) geerntet. 



Tabelle 1 



35 



HL-6Q Medium 
Komponenten 



Konzentrationen 



CaCl 2 (vaaserf cei) 

Ca(N0 3 ) 2 *4H 2 0 

CuS0 4 »5H 2 0 

Fe(N0 3 ) 3 »9H 2 0 

FeSCJ »7H O 
4 2 

KC1 
KN0 3 

MgCl 2 (wasserfrei) 



112. 


644 


20 




0. 


498*10 




02 


o. 


1668 


336. 


72 


0. 


03O9 


11. 


444 



-3 



50 



55 
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MgSO^, (wasserfrei) 68,37 

NaCl 5801.8 

5 Na^HPO„ (wasserfrei) 188,408 

2 4 

NaH »H O 75 
2 4 2 

Na 2 Se0 3 »5H 2 0 9. 6*10 

ZnSCV •JHO O. 1726 
w 4 2 

D-Glucose 4000 

Giutathion (red. ) 0.2 

is Hepes-Puf £er 2363,2 

Hypoxanthirt O. 954 

LinolsMure 0,0168 

Liponaaure 0,042 

Phenoltot 10.24 

Putrescin 2HC1 0,0322 

Na-Pyruvat 8 8 

Thymidin O. 146 

Biotin 0,04666 

D-Ca-Pantothenat 2,546 

Cholinchloc id 5,792 

30 Folsaure 2.86 

i-Inositol 11.32 

Niacinaraid 2,6 

Nicotinaraid 0.0074 

35 

para-Arainobenzoesaur e 0 . 2 

Pyridoxal HC1 2,4124 

Pyridoxin HCX 0.2 

40 Riboflavin 0, 287 6 

Thiamin HC1 2.668 

Vitamin B 12 0,2782 

45 L-Alanin 11.78 

L-Asparaginsauce 10 



20 



25 



50 



L.- As pa rag in H 2 ° 14 . 3 62 

L-Arginin 40 

L-Arginin HC1 92.6 

L-Aspar tat 33,32 
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15 



20 



L-Cystin 2HC1 62. 04 

L-Cystein HC1«H 2 0 7,024 

5 L-Glutamins3ure 36,94 

L-Glutarain 730 

L-Glycin 21,5 

10 L-Histidin 3 

L-Histidin HC1»H 2 0 27,392 

L-Hydroxypyrol In 4 

L-Isoleucin 73, 7 88 

L-Leucin 75,62 

L-Lysin HC1 102,9 

L-Methionin 21,896 

L-Phenyla lanin 43,592 

L-Prolin 26,9 

L-Serin 31,3 

25 L-Threonin 53 

L-Tryptophan 11,008 

L-Tyrosin*2Na 69,76 

30 L-Valin 6 2,74 

Penicillin/Streptomycin 10O U/ral 

3S Insulin (human) 5 ug/ml 

Tranfecrin (human) 15 ug/ml 

Ri nder seruraa lburain 67 ug/ml 
Prima tone RL. (Sheffield Products, 

i40 

f Norwich NY, USA) 0,25% 
Pluronic F68 

(Serva, Heidelberg, BRD) o,oi% 

45 Fdtales KMlberserum 0,3-3* 



so [0029] Das Zentrifugat wurde mit isotonem Phosphatpuffer (PBS; 0.2 g/l KCI. 0.2 g/l KH 2 P0 4 , 8.0 g/l Nad. 2,16 g/l 
Na 2 HP0 4 * 7H2O), der mit 5% Dimethylformamid. 1 0 mM Benzamidin, 1 00 E/ml Aprotinin, 1 0 *iM Leupeptin. 1 *iM Pep- 
statin, 1 mM o-Phenanthrolin, 5 mM Jodacetamid, 1 mM PhenylmethylsulfonyKluorid versetzt war (im fblgenden als 
PBS-M bezeichnet). gewaschen. Die gewaschenen Zellen wurden bei einer Dichte von 2,5 * 10 8 Zellen/ml in PBS-M mit 
Triton X-100 (Endkonzentration 1.0%) extrahiert. Der Zellextrakt wurde durch Zentrifugation geWfirt (15'000 x g. 1 

55 Stunde; lOO'OOO x g. 1 Stunde). 
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Rftfprgnz-Beisoiet 3 

HgrstflMuno von monoktonaien (TNF-BP)-AntikorDern 

5 [0030] Ein gemass Referenz-Beispiel 2 erhattener Zentrifugationsuberstand aus Kultivierung von HL60 -Zellen im 
experimentellen Labormasstab wurde im Verhaltnis 1 :10 mit PBS verdGnnt. Der verdOnnte Ueberetand wurde bei 4°C 
auf eine Saule aufgetragen (Russrate: 0,2 ml/mirv), die 2 ml Atfigei 10 enthiett (Bio Rad Katalog Nr. 153-6099), an das 
20 mg rekombinantes humanes TNF-<x [Pennica. D. et al. (1984) Nature 312. 724; Shirai, T. et al, (1985) Nature 313 . 
803; Wang. A.M. el at. (1985) Science 228. 149] gemass den Empfehlungen des Herstellers gekoppelt worden war. Die 

10 Saule wurde bei 4°C und einer Durchflussrate von 1 mt/min zuerst mit 20 ml PBS, das 0.1% Triton X 1 14 enthielt und 
danach mit 20 ml PBS gewaschen. So angereichertes TNF-BP wurde bei 22°C und einer Flussrate von 2 mt/min mit 4 
mi 100 mM Glycin. pH 2.8. 0,1% Decylmattosid eluiert. Das Eluat wurde in einer Centricon 30 Ejnheit [Amicon] auf 10 
Hi konzentriert 

[0031 ] 10 \A dieses Eluates wurden mit 20 ut volistandigem Freundschen Adjuvans zu einer Emulsion gemischt. Je 
15 1 0 |il der Emulsion wurden gemass dem von Holmdahl, R. et al. [(1985). J. Immunol. Methods £3 379] beschriebenen 
Verfahren an den Tagen 0. 7 und 12 in eine hintere Fusspfote einer narkotisierten Balb/c-Maus injlalert. 
[0032] Am Tag 14 wurde die immunisierte Maus getotet, der popliteale Lymphknoten herauag&nommen, zerklei- 
nert und in Iscove's Medium (IMEM, GIBCO Katalog Nr. 074-2200). das 2 g/l NaHC0 3 enthiett, Gurch wiederholtes 
Pipettieren suspendiert, Gemass einem modifizierten Verfahren von De St.Groth und Scheicte^ger [J. Immunol. 
20 Methods (1980), 2& 1] wurden 5x10 7 Zellen des Lymphknotens mit 5x10 7 PAI Maus-MyelomazeJten (J.W. Stocker et 
al.. Research Disclosure, 217, Mai 1982. 155-157). die sich in logarithmischem Wachstum befan*jen, fusioniert Die 
Zellen wurden gemischt, durch Zentrifugation gesammelt und durch leichtes Schutteln in 2 ml 50% (v/v) Potyethylen- 
glycol in IMEM bei Raumtemperatur resuspendiert und durch langsame Zugabe von 10 ml IMEM wahrend 10 Minuten 
vorsichtigen Schuttelns verdunnt. Die Zellen wurden durch Zentrifugation gesammelt und in 200 ml volistandigem 
25 Medium- [IMEM + 20% fotales Kaiberserum, Glutamin (2,0 mM), 2-Mercaptoethanol (100 nM). 1Q0 U M Hypoxanthine. 
0.4 ^M Aminopterine und 16 nM Thymidine (HAT)] resuspendiert. Die Suspension wurde auf 10 G§webekulturschalen, 
die jeweiis 96 Vertiefungen enthielten, verteilt und ohne Wechsel des Mediums bei 37°C in einer Atmosphdre von 5% 
C0 2 und einer relativen Luftfeuchtigkeit von 98% 1 1 Tage lang inkubiert. 

[0033] Die AntikOrper zeichnen sich aus durch ihre inhibierende Wirkung auf die TNF-Bincjuhg an HL60-Ze(len 
30 Oder durch ihre Bihdung an Antigen im Filtertest gemass Referenz-Beispiel 1 . Zum Nachweis der btologischen Aktivitat 
von anti(TNF-BP)-Antikorpern wurde folgendermassen verfahren: 5x10 6 HL60 oder U937-Zellen wurden in volistandi- 
gem RPMI 1640 Medium zusammen mit affinitatsgereinigten monoktonaien ami-(TNF-BP)-Antik£rpern oder Kontrol- 
lantikorpern (d.h. sole hen. die nicht gegen TNF-BP gerichtet sind) in einem Konzentrationsbereiqh von 1 ng/ml bis 10 
^g/ml inkubiert. Nach einer Stunde Inkubation bei 37°C wurden die Zetten durch Zentrifugation go cam melt u nd mit 4.5 
35 ml PBS bei 0°C gewaschen. Sie wurden in 1 ml volistandigem RPMI 1640 Medium (Referenz-Betepiel 2). das zusdtz- 
lich 0.1% Natriumazid und 125 l-TNFa (10 6 cpm/mJ) mit oder ohne Beigabe von unmarkiertem TNFa (s.o.) enthielt. 
resuspendiert. Die spezrt ische Radioaktivitat des 125 l-TNFa betrug 700 Ci/mmol. Die Zellen wurden 2 Stunden bei 4°C 
inkubiert, gesammelt und 4 mal rriit 4,5 ml PBS. das 1% BSA und 0.001% Triton X 100 (Fluka) enthielt bei 0°C gewa- 
schen. Die an die Zellen gebundene Radioaktivitat wurde in einem Y-Scint illations -zahler gemo&sen. in einem ver- 
40 gleichbaren Experiment wurde die zellgebundene Radioaktivitat von Zellen, die nicht mit anti-(TNF-BP)-Antikorpern 
behandett worden waren, bestimmt (ungefahr 10 000 cpm/5xl0 6 Zellen). 

Referenz-Beispiel 4 
45 Affinitatschromatographie 

[0034] FOr die weitere Reinigung wurden jeweiis ein gemass Referenz-Beispiel 3 erhaltener monoklonaler anti-(55 
kD TNF-BP)- AntikOrper (2.8 mg/ml Gel). TNFa (3,0 mg/ml Gel) und Rinderserumalbumin (BSA, 8,3 fhg/ml Gel) gemass 
den Vorschriften des Herstellers kovalent an CNBr-aktivierte Sepharose 4B (Pharmacia, Uppsala, Schweden) gekop- 

50 pelt. Der gemass Referenz-Beispiel 2 erhaltene Zelfextrakt wurde uber die so hergestellten und (f> der folgenden Rei- 
henfolge hintereinandergeschalteten Saulen geleitet: BSA-Sepharose-Vorsaule, ImmunaffinitatCsaule [Anti-(55 kD- 
TNF- BP) -AntikOrper], TNFa-Ligand-Affinitatssaule. Nach volistandigem Auftrag wurden die bgtden letztgenannten 
Saulen abgetrennt und einzeln fur sich mit je 100 ml der folgenden Pufferlosungen gewaschen: (1) PBS. 1.0% Triton X- 
100, 10 mM Benzamidin. 100 E/ml Aprotinin; (2) PBS, 0,1% Triton X-100. 0.5M NaCI. 10 mM ATP, 10 mM Benzamidin, 

55 100 E/ml Aprotinin; und (3) PBS, 0,1% Triton X-100, 10 mM Benzamidin, 100 E/ml Aprotinin. Sowbhl die Immun- als 
auch die TNFa-Ugand-Affinitatssaule wurden dann mit 100 mM Glyctn pH 2.5, 100 mM NaCI. 0.2% Decylmaltoside, 10 
mM Benzamidin, 100 E/ml Aprotinin jede fur sich eluiert. Die im Filtertest gemass Beispiel 1 aktjven Fraktionen jeder 
Saule wurden danach jeweiis vereint und mit 1M Tris pH 8,0 neutralisiert. 
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[0035] Die so vereinten TNF- BP -aktiven Fraktionen der ImmunAffinitdtschromatographie einerseits und der TNFa- 
LigandAffinitatschromatographie andererseits wurden zur weiteren Reinigung nochmals atrf je eine kleine TNFa- 
Ugand-Aftinitdtssdule aufgetragen. Oanach wurden diese beiden Sdulen mit je 40 ml von (1) PBS. 1.0% Triton X-100. 
10 mM Benzamidin, 100 E/ml Aprotinin. (2) PBS. 0.1% Triton X-100. 0.5M NaCI. 10 mM ATP. 10mm Benzamidin. 100 
5 E/ml Aprotinin. (3) PBS. 0.1% Triton X-100. (4) 50 mM Tris PH 7.5. 150 mM NaCI, 1.0% NP-40. 1.0% Desoxycholat, 
0.1% SDS. (5) PBS. 0.2% Decylmaltosid gewaschen. Anschliessend wurden die Saul en mit 100 mM Glyctn pH 2.5. 100 
mM NaCI. 0.2% Decylmaltosid eluiert Fraktionen von 0.5 ml von jeder Saule wurden fur sich gesammeJt und die 
gemdss Filtertest (Referenz-Beispiel 1) aktiven Fraktionen von jeder Saule jeweils fur sich vereint und in einer Centri- 
con-Einheit (Amicon. Molekulargewichts-Ausschluss 10/000) aufkonzentriert 

10 

Referen^Beispiel 5 
Auftrennuno m ittels HPLC 

is [0036] Die gemdss Referenz-Beispiel 4 erhaltenen aktiven Fraktionen wurden gemdss ihrer unterschiedlichen Her- 
kunft (Immun- bzw. Ligand-Affinitatschromatographte) jeweils fOr sich auf C1/C8 Umkehrphasen-HPLC-Sdulen 
(ProRPC. Pharmacia. 5x20 mm), die mit 0,1% Trifluoressigsdure. 0,1% Octylglucostd equitrbriert worden war en, aufge- 
tragen. Die Sdulen wurden dann mit einem linearen Acetonitril-Gradienten (0-80%) im gleichen Puffer bei einem Ftuss 
von 0.5 ml/mi n eluiert. Fraktionen von 1 ,0 ml wurden von jeder Saule gesammeH und die aktiven Fraktionen von jeder 

20 Saule fur sich vereint (Nachweis gemdss Referenz-Beispiel 1). 

Referenz-Beispiel 6 
Auftrennuno mrttels SDS-PAGE 

25 

[0037] Die gemdss Referenz-Beispiel 5 erhaltenen und gemdss Filtertest (Referenz-Beispiel 1) aktiven Fraktionen 
wurden durch SDS-PAGE gemass [34] weiter aufgetrennt. Dazu wurden die Proben in SDS-Probenpuffer wahrend 3 
Mi nut en auf 95°C erhitzt und anschliessend auf einem 12% Acrylamid-Trenngel mit einem 5%igen Sammelgel elektro- 
phoretisch aufgetrennt. Als Referenz zur Bestimmung der scheinbaren Molekulargewichte auf dem SDS-PAGE Gel 
30 wurden die folgenden Eichproteine verwendet: Phosphorytase B (97.4 kD), BSA (66,2 kD), Ovalbumin (42,7 kD). Car- 
boanhydrase (31 .0 kD), Soya Trypsin- Inhibitor (21 ,5 kD) und Lysozym (14,4 kD). 

[0038] Unter den genannten Bedingungen wurden fur Proben, die gemass Referenz-Beispiel 4 durch TNF-a- 
Ligandenaffinitdtschromatographie von Immunaffinitatschromatographieeluaten erhalten und durch HPLC gemdss 
Referenz-Beispiel 5 weiter aufgetrennt worden waren. zwei Banden von 55 kD und 51 kD sowie drei schwdchere Ban- 

35 den von 38 kD, 36 kD und 34 kD erhalten. Diese Banden wurden in einem Mini Trans Blot System (BioRad. Richmond. 
California. USA) elektrophoretisch wahrend 1 Stunde bei 100 V in 25 mM Tris, 192 mM Glycin. 20% Methanol auf eine 
PVDF-Membran (Immobilon, Millipore, Bedford. Mass. USA) trartsferiert. Danach wurdedie PVDF-Membran entweder 
mit 0,15% Serva-Blau (Serva. Heidelberg, BRD) in Methanol/Wasser/Eisessig (50/40/10 Volumenteile) auf Protein 
gefdrbt Oder mit entfettetem Milchputver blockiert und anschliessend zum Nachweis von Banden mit TNF-BP-Aktivitat 
^^40 mit 125 l-TNFct gemdss den in Beisptel 1 beschriebenen Firtertestbedingungen inkubiert. Dabet zeigte sich. dass alle in 
der Proteirrfdrbung zur Darsteilung gelangten Banden spezifisch TNFa banden. Alle diese Banden banden im Western 
Blot nach Towbin et al. [38] auch den gemdss Referenz-Beispiel 3 hergesteUten monoWonalen Anti-55kD-TNF-BP-Anti- 
kOrper. Dabei wurde ein gemass dem in Referenz-Beispiel 1 beschriebenen Verfahren mit Na 125 I radioaktiv markierter, 
affinitdtsgereinigter (MausirTununglobulin*Sepharose-4B-Affinitdtssdule) Kaninchen-anti-Maus- Immunoglobulin- Anti- 

45 kOrper zum autoradiographischen Nachweis dieses AntikOrpers eingesetzt 

Refer ens- Beispief 7 
AminosaMre$eqwen^ana'yse 

50 

[0039] Zur Aminosduresequenzanalyse wurden die gemdss Referenz-Beispiel 5 erhaltenen und gemdss Filtertest 
(Referenz-Beispiel 1) aktiven Fraktionen mittels der in Referenz-Betspiel 6 beschriebenen, nun jedoch reduzierenden, 
SDS-PAGE Bedingungen (SDS-Probenpuffer mit 125 mM Dithiothrettol) aufgetrennt. £s wurden die gleichen Banden 
wie gemdss Referenz-Beispiel 6 gefunden, die allerdings auf Grund der reduzierenden Bedingungen der SDS-PAGE 
55 im Verg leich zu Referenz-Beispiel 6 afle um etwa 1-2 kD hOhere Molekulargewichte zeigten. Diese Banden wurden 
dann gemdss Referenz-Beispiel 6 auf PVDF-Membranen ubertragen und mit 0.15% 35 Serva-Blau in Methanol/Was- 
ser/Eisessig (50/40/10 Volumenteile) wahrend 1 Minute gefdrbt, mit Methanol/Wasser/Eisessig (45/48/7 Volumenteile) 
entfdrbt. mit Wasser gespult, luftgetrocknet und danach ausgeschnitten. Bei sdmilichen Schritten wurden zur Vermei- 
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dung von N-terminater Blockierung die von Hunkapiller [34] angegebenen Bedingungen etngeha|te.n, Zunachst wurden 
die gereinigten TNF-BP unverandert zur Aminosauresequenzterung eingesetzt Urn zusdtzltche Sequenzinformation 
zu erhaiten, wurden die TNF-BP nach Reduktion und S-Carboxymethyiterung [Jones, B.N. (1986) In "Methods of Pro- 
tein Microcharacterisation". J.E. Shively, ed.. Humana Press. Clifton NJ. 124-125] mit Bromcyan (TQft\ G.E. in "Methods 
s of Protein Microcharacterisation", 165-166, op.cit.). Trypsin und/oder Proteinase K gespatten und die Peptide mittels 
HPLC nach bekannten Methoden der Proteinchemie aufgetrennt. So vorbereitete Proben wurden dann in einem auto- 
matisierten Gasphasen-Mikrosequenzier-Gerat (Applied Biosystems Modell 470A, ABI, Foster GHy. Calif.. USA) mit 
einem on-line nachgeschalteten automatisierten HPLC PTH-Aminosaureanalysator (Applied Big^yetems Modell 120. 
ABI s o.) sequenziert, wobei die folgertden Aminosauresequenzen bestimmt wurden: 

10 

1., Fur die 55 kD-Bande (gemass nichtreduzierender SDS-PAGE): 

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr- 

He. 

und 

is Ser-Thr-Pro-Glu-Lys-Glu-GIy-Glu-Leu-Glu-Gly-Thr-Thr-Thr-Lys 

wobei X fur einen Aminosaurerest steht. der nicht bestimmt werden konnte. 

2., Fur die 51 kD und die 38 kD-Banden (gemass nichtreduzierender SDS-PAGE): 
Leu-Val-Pro-His-Leu-Gly-AsP-Arg-Glu 

20 

Referenz-Beisotel 8 

Bestimmuna von Basen-Seouenzen von komolementarer DNA fcDNA) 

25 [0040] . Ausgehend von der Aminosauresequenz gemass Formel I A wurden unter Berucksiehtigung des geneti- 
schen Codes zu den Aminbsaureresten 2-7 und 1 7-23 errtsprechende, volistandig degenerierte Oligonucleotide in 
geeigneter Komplementaritat synthetisiert ("sense" and "antisense" Oligonucleotide). Totale zellu!&re RNA wurde aus 
HL60-Zellen isoliert [42. 43]. und der erste cDNA-Strang durch Oligo-dT-Priming oder durch Priming mit dem "anti- 
sense" Oligonucleotid mittels eines cONA-Synthese-Kits (RPN 1256, Amersham. Amersham, England) gemass der 

30 Anleitung des Herstelters synthetisiert. Dieser cDNA-Strang und die be id en synthetisierten degenoWerten "sense" und 
"anti-sense" Oligonucleotide wurden in einer Polymerase-Kettenreaktion (PCR. Perkin Elmer CetuQ, Norwalk, CT, USA 
gemass Anleitung des Herstellers) dazu verwendet, die fur die Aminosaure- Reste 8-16 (Formel I A) codierende Base- 
sequenz als cDNA-Fragment zu synthetisieren. Die Basensequenz dieses cDNA-Fragrnentes laytefc; 5' - AGGGAG AA- 
G AGAG ATAGTGTGTGTCCC-3 T . Dieses cDNA- Fragment wurde als Probe verwendet, um nach bekannten Verfahren 

as einen fur das 55 kD TNF-BP codterenden cDNA-Klon in einer Xgt1 1-cDNA-Genbank von menBQhiicher Placenta zu 
identifizieren (42.43). Dieser Klon wurde dann nach ublichen Methoden aus dem X-Vektor geschnitteh und in die Plas- 
mide pUCl8 (Pharmacia, Uppsala. Sweden) und pUCi9 (Pharmacia, Uppsala. Sweden) und in die 
M13mp18/Ml3mp19 Bacteriophagen (Pharmacia, Uppsala. Sweden) Woniert (42,43). Die Nukle,©tidsequenz dieses 
cDNA-Klons wurde mit einem Sequenase-Kit (U.S. Biochemical, Cleveland. Ohio, USA) nach d^n Angaben des Her- 

40 stellers bestimmt. Die Nukleotidsequenz und die daraus abgeteitete Aminosauresequenz fur da@ 65 kD TNF-BP und 
dessen Signalpeptid (Aminosaure "-28" bis Aminosaure "0") ist in Figur 1 mittels der im Stand clef Technik ublichen 
Abkurzungen fur Basen wie Aminosauren dargestellt. Aus Sequenzvergleichen mit anderen, bereitQ bekannten Rezep- 
torproteinsequenzen lassen sich ungefahr 1 80 Aminosauren enthaltende N-terminale wie 220 Aminosaure enthaltende 
C-terminale Domanen, die von einer nach den Sequenzvergleichen typischen Transmembran-Rggton von 19 Amino- 

45 sauren (in Figur 1 unterstrichen) getrennt werden, bestimmen. Hypothetische Glykosylierungsstelien sind in Figur 1 
durch Sterne uber der errtsprechenden Aminosaure gekennzeichnet. 

Referenz-Beisoiel 9 

so Expression in COS 1-Zellen 

[0041] Fur die Expression in COS-Zellen wurden Vektoren ausgehend von dem Plasmid "pN11" konstruiert. Das 
Plasmid "PN1 1" enthalt den efftzienten Promotor und Enhancer des "major immediate-early" Gena des menschlichen 
Cytomegalovirus ("HCMV"; Boshart et al., Cell H. 521-530. 1985). Hinter dem Promotor befindet aich eine kurze DNA- 
55 Sequenz. weiche mehrere RestriktionsschnittsteMen enthalt. die nur einmat im Ptasmid vorkomme.n ("Polylinker"), u.a. 
die Schnittstellen fur Hindlll. Ball. BaMHI und Pvuil (siehe Sequenz). 
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PVTlII 

5 ' -AAGCTTGGCCAGGATCCAGCTGACTGACTGATCGCGAGATC-3 1 
5 3 • -TTCGAACCGGTCCTAGGTCGACTGACTGACTAGCGCTCTAG-5 1 

Hinter diesen Schnittstellen bef inden sich drei Translations-Stopcodons in alien drei Leserastern. Hinter der Polylinker- 
sequenz befindet sich das 2. Intron und das PolyadenylierungssignaJ des Praproinsulingens der Ratte (Lomedico et ah, 

10 Cell IjL 545-558, 1979). Das Plasmid enthalt ferner den Replikationsursprung des SV40 Virus sowie ein Fragment aus 
pBR322. das E. coli-Bakterien Ampicillin-Resistenz verleiht und die Replikation des Plasmtds in E. coli ermoglicht 
[0042] Zur Konstruktion des Expressionsvektors "pN123" wurde dieses Plasmid "pN11"mit der Restriktionsendo- 
nuWease Pvull geschnitten und anschliessend mit aikaiischer Phosphatase behandett. Der dephosphorytierte Vektor 
wurde danach aus ein em Agarosegel isoliert (VI). Die 5'-uberhangenden NuWeotide des EcoRI-geschnittenen 1,3kb- 

15 Ragmerrts der 55 kD TNF-BP-cDNA (siehe Referenz-Beispiel 8) wurden mit Hilfe von Klenow-Enzym aufgefullt. 
Anschliessend wurde dieses Fragment aus einem Agarosegel isoliert (F1). Danach wurden VI und F1 mrttels T4- 
Ugase miteinander verbunden. E. coli HB1 01 -Zellen wurden dann mit diesem Ligierungsansatz nach bekannten 
Methoden [42] transformiert- Mit Hilfe von Restriktionsanalysen und DNA-Sequenzierung nach bekannten Met hod en 
[42] wurden Transfer ma nten identrfiziert, die mit einem Plasmid transformiert worden waren, welches das 1,3kb EcoRI- 

• 20 Fragment der 55 kD TNF-BP-cDNA in der fur die Expression Liber den HCMV-Promotor korrekten Orientierung enthiett. 
Dieser Vektor erhieitdie Bezeichnung "pNl23\ 

[0043] Zur Konstruktion des Vektors "pKl9" wurde folgendermassen verfahren. Ein DNA-Fragment. welches nur 
die for den extrazellularen Teil des 55 kD TNF-BP cod ie rend e cDNA enthalt (Aminosduren -28 bis 182 gemass Figur 1) 
wurde mittels PCR-Technologie er ha I ten (Saiki et al., Science 230. 1350-1354, 1985, siehe auch Referenz-Beispiel 8). 
25 Die folgenden OiigonukJeotide wurden, um die fur den extrazellularen Teil des 55 kD TNF-BP codierende cDNA aus 
"pN^S" zu amplifizieren, verwendet: 

BAMHI 

30 5 • -CACAGGGATCCATAGCTGTCTGGCATGGGCCTCTCCAC-3 ■ 

ASP718 

3 » -CGTGACTCCTGAGTCCGTGGTGTATTATCTCTAGACCATGGCCC- 5 ' 

[0044] Durch diese Oligonucleotide wurden ebenfatis zwei Stopkodons der Translation hinter Aminosaure 1 82 ein- 
gefuhrt. Das so amplrfizierte DNA-Fragment wurde mit BamHI und Asp718 geschnittene die hierbei entstandenen 
^^40 uberstehenden Enden mit Hilfe des Klenow-Enzyms aufgefullt und dieses Fragment anschliessend aus einem Agaro- 
segel isoliert (F2). F2 wurde dann mit V1 ligiert und der gesamte Ansatz zur Transformation von E. coli HB101. wie 
bereits beschriebene verwendet. Transformanten. die mit einem Plasmid transformiert worden waren. welches das 
DNA-Fragment in der fur die Expression uber den HCMV-Promotor korrekten Orientierung enthielten, wurden mittels 
DNA-Sequenzierung (s o.) identifiziert. Das daraus isolierte Piasmid erhiett die Bezeichnung "pK19~. 

45 [0045] Transfektion der COS-Zellen mit den Plasmiden "pN1 23" Oder "pKl 9" wurde nach der von Feigner et at ver- 
Offentlichten Upofections-Methode (Proc. Natl. Acad. Sci. USA 34, 7413-7417. 1987) durchgefGhrt 72 Stunden nach 
erfolgter Transfektion wurden die mit w pN123" transfizierten Zellen nach bekannten Methoden mit 125 l-TNF<x auf Bin- 
dung analysiert. Das Resultat der Scatchard-Analyse [Scatchard, G.. Ann. N.Y. Acad. Sci. 5L 660. 1949] der so erhal- 
tenen Bindungsdaten (Figur 2 A) ist in Figur 2B dargesteltt. Die Kulturuberstande der mit w pK19" transfizierten Zellen 

so wurden in einem "Sandwich"-Test untersucht. Dazu wurden PVC-Microtiterplatten (Dynatech. Arlington, VA, USA) mit 
100 ^I/Loch eines Kaninchen-anti-Maus Immunglobulins (10 ug/mt PBS) sensibilisiert. Anschliessend wurde die Platte 
gewaschen und mit einem anti-55 kD TNF-BP -Anti korper, der gemass Referenz-Beispiel 3 durch seine Antigenbindung 
nachgewiesen und isoliert wurde, der aber die TNF-Bindung an Zellen nicht inhibiert, inkubiert (3 Stunden. 20°C). Die 
Platte wurde dann wieder gewaschen und uber Nacht bei 4°C mit 100 ul/Loch der Kulturuberstande (1 :4 verdunrrt mit 

55 1% entfetteter Milchpulver enthaltendem Puffer A: 50 mM Tris/HCI pH 7.4. 140 mM NaCI. 5 mM EDTA. 0.02% Na-Azid) 
inkubiert. Die Platte wurde errtleert und mit 125 l-TNFa enthaltendem Puffer A (10 6 cpm/ml. 100 ^I/Loch) mit oder ohne 
Zusatz von 2 ^g/ml unmarkiertem TNF wahrend 2 Stunden bei 4°C inkubiert. Danach wurde die Platte 4 mal mit PBS 
gewaschen. die einzelnen Locher wurden ausgeschnitten und in einem y-Zahler gem ess en. Die Resultate von 5 paral- 
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lelen Transfektionen (Saulen # 2, 3, 4. 6 und 7). von zwei Korrtroil-Transfektionen mit dem pNl 1 -Voktor (Saulen #1,5) 
und von einer Kontrolle mil HL60-Zell-Lysat (Sdule # 8) sind in Figur 3 dargestellt. 

p ft fAmn?-Beispiel 10 
Expression in Insektenzellen 



[0046] Fur die Expression in einem Bacuiovirus-Expressionssystem wurde von dem Piasmid "pVL94i" (Luckow 
und Summers, 1989, "High Level Expression of Nonfused Foreign Genes with Autographa California Nuclear Polyhe- 
io drosis virus Expression Vectors", Virology 170. 31-39) ausgegangen und dieses fdlgendermaeeen modif iziert. Es 
wurde die einzige EcoRI-Restriktionsschnittsteile in H pVL941" entfernt, indem das Piasmid mit EqoRI geschnitten und 
die Ciberstehenden S'-Enden mit Klenow-Enzym aufgefulH wurden. Das hieraus erhaltene Piasmid pVL941/E- wurde 
mit BamHI und Asp718 verdaut und der Vektorrumpf anschliessend aus einem Agarosegel tsoHeri, Dieses Fragment 
wurde mit einem synthetischen Oligonukleotid der fblgenden Sequenz ligiert: 

15 

BamHI EcoRI Asp7L8 
5 1 - GATCCAGAATTCATAATAG - 3 1 

20 3 ' - GTCTTAAGTATTATCCATG - 5 ' 



[0047] E. coli HB101 wurde mit dem Ligierungsansatz transformiert und Transformanten, die. olh Piasmid enthiel- 
2s ten, in welches das Oligonukleotid korrekt eingebaut word en war, wurden durch Restriktionsanalyae und DNA-Sequen- 
zierung nach bekannten Methoden (s.o.) identif iziert; dieses Piasmid wurde "PNR704" genannt, 2uf Konstruktion des 
Transfervektors "pN1 13" wurde dieses Piasmid *pNR704" mit EcoRI geschnitten, mit alkalischer Phosphatase behan- 
delt und der so erzeugte Vektorrumpf (V2) anschliessend aus einem Agarosegel isoliert. Das wie oben mit EcoRI 
geschnitten e 1,3 kb-Fragment der 55 kD TNF-BP-cDNA wurde mit Fragment V2 ligiert. Mit dies@m Ligierungsansatz 
30 erhaltene Transformanten, die ein Piasmid enthielten, welches das cDN A- Insert in der korrekten OHentierung fur die 
Expression uber den Polyhedrinpromotor enthielten, wurden identif iziert (s o ). Der daraus isolierte Vektor erhielt die 
Bezeichnung "PN 1 13". 

[0048] Zur Konstruktion des Transfervektors "pN119" wurde folgendermassen vorgegangen. Das 1,3 kb 
EcoRI/EcoR I- Fragment der 55 kD TNF-BP cDNA in dem "pUC19"-Plasmid (siehe Beispiel 8) wujtle mit Banl verdaut 
35 und mit dem folgenden synthetischen Oligonukleotid ligiert: 

Banl Asp718 
5 1 - GCACCACATAATAGAGATCTGGTACCGGGAA - 3 • 
4 ° 3 * - GTGTATTATCTCTAGACCATGGCCC - 5 % - 



45 [0049] Mit dem obigen Adaptor werden zwei Stopcodons der Translation hinter Aminosaure 108 und eine Schnitt- 
stelle for die Restriktionsendonuklease Asp7l8 eingebaut. Nach erfolgter Ligation wurde der AnSatz mit EcoRI und 
Asp718 verdaut und das partiefle 55 kD TNF-BP-Fragment (F3) isoliert Weiterhin wurde das ebentails mit Asp718 und 
EcoRI geschnittene Piasmid "pNR704" mit F3 ligiert und der Ligierungsansatz in E. coli HB101 transformiert. Die Iden- 
tif ikation der Transformanten, welche ein Piasmid enthielten, in das die parti el le 55 kD TNF-BP qBna korrekt fur die 

so Expression integriert worden war, erfotgte wie bereits beschrieben. Das aus diesen TransformantOn isolierte Piasmid 
erhi elt den Namen M pN 1 1 9". 

[0050] Zur Konstruktion des Transfervektors "pN124" wurde folgendermassen vorgegangen. Qas in Referenz-Bei- 
spiel 9 beschriebene, fur den extrazelluiaren Teil des 55 kD TNF-BP codierende cDNA-Fragment wurde mit den ange- 
gebenen Oligonukleotiden mit Hilfe der PCR-Technologie, wie in Beispiel 9 beschriebene amplifiziart Dieses Fragment 
55 wurde mit BamHI und Asp718 geschnitten und aus einem Agarosegel isoliert (F4). Das Piasmid "pNR"704" wurde eben- 
falls mit BamHI und Asp718 geschnitten und der Vektorrumpf (V4) wurde isoliert (s o ). Die Fragm$nte V4 und F4 wur- 
den ligiert, E. coli HB101 damit transformiert und der rekombinante Transfervektor "pN124" wurde t wie beschrieben, 
identif iziert und isoliert. 



14 



BNSOOCID: <EP 0417563B1 I > 



B-407 



EP 0 417 563 B1 



[0051] Zur Transfektion der Insektenzelten wurde folgendermassen vorgegangen. 3 \ig des Transfervektors 
**pN113" wurden mrt 1 \xg ON A des Autographa californica-Nuklear-potyhedrosisvirus (AcMNPV) (EP 127839) in Sf9- 
Zellen (ATCC CRL 1711) transfer art Polyhedrin negative Viren wurden tdentrfiziert und aus "Plaques" gereinigt [52]. 
Mit diesen rekombinanten Viren wurden wiederum St9 Zellen wie in [52] beschriebene inf iziert. Nach 3 Tagen in Kuttur 
wurden cfie infizierten Zetlen auf Bindung von TNF mittels 125 l-TNFa untersucht Dazu wurden die transfektierten Zellen 
mit einer Pasteurpipette von der Zellkuiturschate abgewaschen und bei einer Zelldichte von 5x1 0 6 Zellen/ml Kutturme- 
dium (52], das 10 ng/ml 125 l-TNF-a enthielt. sowohl in Anwesenheit wie Abwesenheit von 5 ng/ml ntcrrtrnarWertem 
TNF-a resuspendiert und 2 Stunden auf Eis inkubiert. Danach wurden die Zellen mit reinem Kulturmedium gewaschen 
und die zellgebundene Radioaktivitat in einem y-Zflhler gezahlt (siehe Tabelle 2). 



Tabelle 2 



Zetlen 


Zellgebundene Radioak- 
tivitat pro 10 6 Zetlen 


nichtinfizierte Zellen (Kdntrolle) 


60 cpm 


infizierte Zellen 


1600 ± 330 cpm 1 > 



^ Mtttehwert und Stand ardabweichung aus 4 Experimenter! 




20 

Beisoiel 1 



[0052] Analog zu dem in Referenz-Betspiel 9 beschriebenen Vertahren wurde das fur den extrazellularen Bereich 
des 55 kDa TNF- BP codierende cDNA-Fragment, nun jedoch mit den folgenden OHgonukleotiden als Primer, in einer 
25 Polymerasen-Kettenreaktion amplif iziert: Oligonukleotid 1 : OligrtonuWeotid 2: 



Sst I 

5 * -ATA GAG CTC TGT GGT GCC TGA GTC CTC AG- 3 



30 



[0053] Dieses 

35 Sst. I 

5 1 -TAG GAG CTC GGC CAT AGC TGT CTG GCA TG-3 



^^40 cDNA-Fragment wurde in den pCD4-Hy3-Vektor [DSM 5523; Europaische Patentanmeldung Nr. 90107393.2; Japani- 
sche Patentanmeldung Nr. 108967/90; US Patent Application Ser.No. 510773/90] ligiert. aus dem die CD4-cDNA uber 
die Sst I- Restriktions-Schnittstellen herausgenommen worden war. Sstl-Schntttstelien befinden stch in dem Vektor 
pCD4-Hy3 sowohl vor wie in dem CD4-Teilsequenzstuck wie dahinter. Das Konstrukt wurde mittels Protoplastenfusion 
nach Oi et al. (Procd. Natl. Acad. Sci. USA SO.. 825-829. 1983) in J558-Myelomzellen (ATCC Nr. TIB6) transfiziert. 

45 Transfektanten wurden durch Zugabe von 5 ng/ml Mycophenolsdure und 250 ^g/rrrf Xanthin (Traunecker et al.. Eur. J. 
Immunol, lfi, 851-854 [1986]) in das Grundmedium (Dulbecco's modifiziertes Eagle's Medium. 10% fetales Kalberse- 
rum, 5 x 10* S M 2-Mercaptoethanol) selektioniert. Das von den transtizierten Zellen sekretierte Expressionsprodukt 
konnte mittels ubJtcher Methoden der Proteinchemie, z.B. TNF-BP-AntikOrper-Affinitatschromatographie. gereinigt wer- 
den. Falls nicht bereits spezifisch angegeben, wurden zur Kultrvrerung der verwendeten Zelllinien. zum Klonieren. 

so Selektionieren bzw. zur Expansion der klonierten Zellen Standardverfahren. wie z.B. von Freshney. R.I. in "Culture of 
Animal Cells", Alan R. Liss, Inc.. New York (1983) beschrieben, verwendet. 
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PatentansprQche 

I. DNA-Sequenzen die eine Kombination aus zwei Teil- DNA-Sequenzen umfassen. wobet die eine Teilsequenz fur 
losliche TNF-bindende Fragmente von TNF-Rezeptoren kodiert und aus den folgenden DNA-Sequenzen auswahl- 

15 bar ist: 

(a) Fragmente von DNA-Sequenzen wie ste in Figur 1 dargesteflt sind wie deren komplementaren Strange: 

(b) DNA-Sequenzen, die mit wie unter (a) definierten Fragmenten hybridisieren; 

(c) DNA-Sequenzen. die auf Grund der Entartung des genetischen Codes nicht mit Sequenzen. wie unter (a) 
20 und (b) def iniert hybridisieren. aber die for Polypeptide mit genau gleicher Aminosauresequenz kodieren; 

und die andere Teil-Sequenz. fur alle Domanen der konstanten Region der schweren Kette von humanen 
Immunglobulinen ausser der ersten Domane der konstanten Region der schweren Kette von humanen Immun- 
globulinen der Klasse IgG kodiert. 

25 2. DNA-Sequenzen gemass Anspruch 1 wobei besagte humane Immunglobuline solche vom Typ Igl bzw. Ig3 sind. 

3. Von DNA-Sequenzen gemass einem der Anspruche 1 oder 2 kodierte rekombinante Proteine. 

4. Vektoren, die DNA-Sequenzen gemass einem der Anspruche 1 Oder 2 enthalten und zur Expression der von die- 
30 sen DNA-Sequenzen kodiert en Proteine in prokaryottschen- wie eukaryotischen Wirtssytemen geeignet sind. 

5. Prokaryotische- wie eukaryotische Wirtssysteme. die mit einem Vektor gemass Anspruch 4 transformiert worden 
sind. 

35 6. Wirtssysteme gemass Anspruch 5. wobei diese Sauger- oder tnsektenzellen sind. 

7. Ein Verfahren zur Herstellung einer Verbindung gemass Anspruch 3, das dadurch gekennzeichnet ist. dass man 
ein wie in Anspruch 5 oder 6 beanspruchtes transformiert es Wirtssystem in einem geetgneten Medium kultiviert 
und aus dem Wirtssystem selbst oder dem Medium diese Verbindung isoliert. 

140 

8. Proteine. herstellbar nach einem wie in Anspruch 7 beanspruchten Verfahren. 

9. Pharmazeutische Praparate, insbesondere zur Behandlung von Krankheiten bei denen TNF invoh/iert ist, wobet 
sotche Praparate dadurch gekennzeichnet sind. dass sie eine oder mehrere Verbindungen gemass Anspruch 3 

45 oder 8 Oder deren physioiogisch vertragliche Salze. gewunschtenfalls in Kombination mit weiteren pharmazeutsch 

wirksamen Substanzen und/oder nicht-toxischen, inerten, therapeutisch vertraglichen Tragermaterialien enthalten. 

10. Verwendung einer Verbindung gemass Anspruch 3 oder 8 zur Herstellung einer pharmazeutischen Zusammen- 
setzung zur Behandlung von durch die toxische Wirkung von Endotoxin en hervorgerufenen Zustanden. 

50 

II. Verwendung einer Verbindung gemass Anspruch 3 Oder 8 zur Herstellung einer pharmazeutischen Zusammen- 
setzung zur Behandlung pathologischer Zustande in denen TNF ats Mediator von tmmunantwort oder EntzQndung 
beteitigt ist. 

55 1 2. Verwendung einer Verbindung gemass Anspruch 3 oder 8 als Diagnostikum zum Nachweis von TNF in Serum oder 
anderen Korperflussigkerten. 

13. Verwendung einer Verbindung gemass Anspruch 3 oder 8 zum Auffinden von TNF-Agonisten wie TNF-Arrtagoni- 
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Claims 

5 1 . DNA sequences which comprise a combination of two partial DNA sequences, with one of tho partial sequences 
coding for soluble TNF-binding fragments of TNF receptors and being selected from the following DNA sequences: 

(a) fragments of DNA sequences which are represented in Figure 1 as well as their complimentary strands; 

(b) DNA sequences which hybridize with the fragments defined under (a); 

10 (c) DNA sequences which, because of the degeneration of the genetic code, do not hybridize with sequences 

as defined under (a) and (b), but which code for polypeptides having exactly the same amino acid sequence; 
and the other partial sequence coding for all domains of the constant region of the heavy chain of human 
immunoglobulins except the first domain of the constant region of the heavy chain of human immunoglobulins 
of class IgG. 

is 

2. DNA sequences in accordance with claim 1 . wherein said human immunoglobulins are those of the Ig1 or Ig3 type. 

3. Recombinant proteins coded by DNA sequences in accordance with either claim 1 or claim 3, 

20 4. Vectors which contain DNA sequences in accordance with either claim 1 or claim 2 and whigh are suitable for the 
expression in prokaryotic and eukaryotic host systems of proteins coded by these DNA sequent es. 

5. Prokaryotic and eukaryotic host systems which have been transformed with a vector in accordance with claim 4. 

25 6. Host systems in accordance with claim 5, which are mammalian or insect cetts. . 

7. A process for the production of a compound in accordance with claim 3, which is characterized by cultivating a host ' 
system transformed as claimed in claim 5 or 6 in a suitable medium and isolating said compound from the host sys- 
tem itself or from the medium. 

30 

8. Proteins, producable according to a process as claimed in claim 7. 

9. Pharmaceutical preparations, especially for the treatment of illnesses in which TNF is involved, with such prepara- 
tions being characterized in that they contain one or more compounds in accordance with claim 3 or 8 or their phys- 

35 iotogically compatible salts, if desired in combination with additional pharmaceutical^ active Substances and/or 

non-toxic, inert, therapeutically compatible carrier materials. 

1 0. The use of a compound in accordance with claim 3 or 8 for the production of a pharmaceutigaj preparation for the 
treatment of conditions which are caused by the toxic effect of endotoxins. 

40 

11. The use of a compound in accordance with claim 3 or 8 for the production of a pharmaceutical preparation for the 
treatment of pathological conditions in which TNF is involved as a mediator of immune response or inflammation. 

12. The use of a compound in accordance with claim 3 or 8 as a diagnostic for the identification of TNF in serum or 
45 other body fluids. 

1 3. The use of a compound in accordance with claim 3 or 8 for the detection of TNF agonists and TNF antagonists. 
Re vend! cations 

so 

1 . Sequences d'ADN qui comportent une combinaison de deux sequences partielles d'ADN, Tune des sequences 
partielles codant pour des fragments solubles, de recepteurs du TNF, se liant au TNF, et pouyant §tre choisie parmi 
les sequences d'ADN suivantes : 

55 (a) les fragments de sequences d'ADN telles que representees sur la Figure 1 , ainsi que leurs brins compl fe- 

me ntaires, 

(b) les sequences d'ADN qui s'hybndent aux fragments tels que definis en (a). 

(c) les sequences d'ADN qui, du fait de la degenerescence du code genetique. ne s'hybridGrit pas aux sequen- 



18 



BNSDOCID: <EP 



04 1756331 i 



B-411 



BP 0 417 563 B1 



ces teiles que denies en (a) et (b), mais cedent pour des polypeptides ayant exactement la meme sequence 
d'acides amines ; 

et fautre sequence parti el le code pour tous les domaines de la region constant e de la chatne tourde des immu- 
noglobulines humaines, a I' exception des premiers domaines de la region constants de la chatne lourde des 
5 immunoglobulines humaines de la classe des IgG. 

2. Sequences d'AON selon la revendication 1 . dans lesqueiles lesdites immunoglobulines humaines sont cedes des 
types Igl ou Ig3. 

io 3. Proteines recombinantes, codees par les sequences d'AON selon Tune des revendications 1 ou 2. 

4. Vecteurs qui conttennent les sequences d'ADN selon Tune des revendications 1 ou 2. et qui conviennent a I'expres- 
sion des proteines codees par ces sequences d'ADN dans des systemes notes tant procaryotes qu'eucaryotes. 

is 5. Systemes notes procaryotes ou eucaryotes, qui ont ete transformes avec un vecteur selon la revendication 4. 

6. Systemes hdtes selon la revendication 5, qui sont des cellules de mammiferes ou d'insectes. 

7. Precede de preparation d un compose selon la revendication 3. caracterise en ce qu'on curtive dans un milieu 
20 approprie un systeme hfite transforme tel que revendique dans les revendications 5 ou 6. et on isole ce compose 

1 du systeme note proprement drt. ou du milieu. 

8. Proteines pouvant etre preparees par un precede tel que revendique dans la revendication 7. 

25 9. Preparations pharmaceutiques, en particulier pour le traitement de maladies dans lesqueiles est implique le TNF, 
ces preparations etant caracterisees en ce qu'elles contiennent un ou plusieurs composes selon la revendication 
3 ou 8 ou teurs sels acceptables d'un point de vue physiologique, eventuellement en combinaison avec d'autres 
principes actifs pharmaceutiques et/ou des materiaux exciptents non-toxiques, inertes, compatibles d'un point de 
vue therapeutique. 

30 

10. Utilisation d'un compose selon la revendication 3 ou 8 pour preparer une composition pharmaceutique destinee au 
traitement d'etats pathologiques provoques par faction toxtque d'endotoxines. 

1 1 . Utilisation d'un compose selon la revendication 3 ou 8 pour preparer une composition pharmaceutique destinee au 
35 traitement d'etats pathologiques dans lesquels te TNF partibpe en tant que mediateur de la reponse immunrtaire 

ou de ('inflammation. 

12. Utilisation d'un compose selon la revendication 3 ou 8 en tant que diagnostic pour detecter le TNF dans le serum 
ou d'autres f luides corporels. 

I 40 

13. Utilisation d'un compose selon la revendication 3 ou 8 pour detecter tant des agonistes du TNF que des antagonis- 
ts du TNF. 

45 
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Fiqur 1 

GAATTCGGGGGGGTTCAAGATCACTGGGACCAGGCCGTGATCTCTATGCCGGAGTCTCAA 
CCCTO^CTGTCACCCCAAGGCACTTGGGACGTCCTGGACAGACCGAGTCCCG^A^ 
CCAGCACTGCCGCTGCCACACTGCCCTGAGC^ 
—28 . 

-30 MetGlyLeuSerThrValBroAs P Leul,euLeuProLeuValt«uL.euGluL«u 
-5 TCT GGCATGGGCCTCTCCACCGTGCCTGACCTGCTGCTGCCGCTG^ 

-10 I^uValGly ileTyrProSerGlyValll^GlyLeuValProHlsI^uGivAeDAj-oGlu 
55 TTGGTGGGAATATAjCCCCTCAGGGGTTATTGGACTGG^ 

**» 

10 LysArgAspSerValCysProGlnGlyLysTyrlleHisProGlnAsnAanserlleCvs 
115 aagagagatagtgtgtgtccccaaggaaaatatatccrccctcaaaataattcga^tgc 

, 22 Ey sT ^ L y s ^y sHisL y sG iy Thrt y rL e"TyrAsiiAspCysProGlyPffeGlvGlnAsn 
175 TGTACCAAjSTGCCACAAAGGAACCTACTTGTACAAT 

* " * ♦ 

50 ThrAspCysArgGiuCysGluSerGlySerPheThrAlaSerGluAsnHAai-euAjrcrHi « 
235 ACGGACTGCAGGGAGTGTGAGAGCGGCTCCTTCACCGCTTCAGAAAACCAGCTCAGA 

70 CysLeuSerCysSerLysCysArgLysGlxlMetGlyGlnValGluIleS«tserCvsThr 
295 tgcctcac^tgctccaaatgccgaaaggaaa^ 

ValAspAjrgAspThrValCysGlyCysArgLysAsnGlnTyrArQHisTyeTrDSftrGiLi 
GTGGACCGGGACACCGTGTGTGGCTGOUMAAG^ 

2 A ?"^^ heG ^ c y sPheAsnC y sSerI ' eu Cy sLeuAsnGlyThrValHisLeuSerCvs 

415 AACCTTTTCCAGTGCTTCAATTGCAGCCT^ 

111 G^^nThrValCysThrCysHlsAlaGlyPhePhel^uAieGiiiAsnGlG 

475 OUXSAGAAACAGAACACCGTGTGCACCT^ 

150 CysValSerCysSerAsnCysLysLysSerLeuGluCysThrLysLeuCvsLeuProGlA 

535 TGTGTCTCCTGTAGTAACTGTAAGAAAAGCCTGGAGTGCACGJU^ 

170 I leGluAsn Va lLy sGl yThrG 1 uAspSerGl vThrTh rVa iT anr anP il^ fa,,^ , T1 j 
595 ATTGAGAATGTTAJ^GCACTGAGGACTCAGGCACCACAGTGCTGT^ 

1?0 PhePhfffi1yT , PnCv^T l pnT,PUflprr , pnT l f-iiphPTlPG lyLeuMet:TyrA4^ vrGlnAr( ; 
655 TTCTTTGGTCTTTGCCTTTTATCCCTCCT^ 

^^^ L ^ SLeuTyrS * rlleValC ysGlyLysSerThrProGluLysGluGlvGlu 
715 TGGAAXSTCCAAGCTCTACTCCATTGTTTGTGGGAAATCGACACCTGAA^ 

~l£~Si y T^^ TteL y sProLe ^ 
775 .CTTGAAGGAACTACTACTAAGCCCCTGGCCC^ 

If 2 P ^ T ^ ProTteLeuG1 y p ^ eS «rProVaiproSerSerThrPheThrSarserSerTh^ 
835 TTCACCCCC^CCTGGGCTTCAGTC^^ 

Ty rThrP roGlyAspCy sP roAsnPheAlaAlaP r oArgArgGluVa lAlaP roP j-ot 
TATACCCCCGGTC^CTCTCCCAACTrTGCG^^ 



270 
895 



290 GlnGlyAlaAspProIleLeuAlaThrAlaLeuAlaSerAspProIlePeoA.snPror *»", 
955 CAGOraCTGACCCCATCCTTGCGACAGCOT^ 
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Fiour 1^ (Forts. ) 

, S?^y sT ^ ll ^P Ser ^^ i sLysProGlnSerJ^uAspThrAspAipProAlaTIir 
1015 CAGAAGTGGGAGGACAGCGCCCACAAGCCACAGAGCCTAGACACTGATGACCCCGC^S 

i nl= 5±^y5^ aValValG1 ^ nValProPr o^^^rpLysGluPheValArgArgLeu 
1075 CTGTACGCCGTGGTGGAGAACGTGCCCCCGTTGCGCTGGAAGGAATTCGTGCGGCGCCTA 



i ?f 2 5i^ euSerAspHisGluI ^ e ^^9l-euGliiLeuGlnAsnGlyArgCysLeuArc^lu 
1135 GGGCTGAGCGACCACGAGATCGATCGGCTGGAGCTGCAGAACGGGCGCTGCCTGCGCGAG 

_ _ ^ * • . 




410 GluAlaLeuCysGlyProAlaAlaLeuProProAlaProSerLeuLeuAra 
Hit GAG^^TTTGCGGCCCCGCCGCCCTCCCGCCCGCGCCC^TCTTCTCAGATGAGGCTGC 
1375 GCCCCTGCGGGCAGCTCTAAGGACCGTCCTGCGAGATCGCCTTCCAACCCCACTTTTTTC 




1515 



? G £ G ^ GA / 3AGGTGCGCCGTGGOTCA A^^ 
i A ^HI GCCT ^ TGCCCGTCTTGGGTGTTCraccA GCAAGGCT^ 

^J^^^^^^^^^CTTTTTCACAGTGCATAAGCAGTTTTTTTTGTTTTTGTTTTGTTTT 
1735 GTTTTGTTTTTAAATCAATCATGTTACACTAATAGAAACTTGGCACTCCTGTGCCCTCTG 
XJS SI^^^C^TAGCAAGCTGAACTGTC^ 

^ff ?9?£TJ?^^ TGGAGCTGTGGACTTT TGTACATACACTAAAATTCTGAAGTTAAAAAAAA 

1 1 D AACCCGAATTC 
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TNF-Konzentration (nil) 



CO 



<u 
-a 



0.02 



Fiqur 2B 



■ Transfektant: KD 0.49 nM 
□ Kontrolle KO 0.46 nM 



at 



0.01 " 



0.00 




— \ 

1000 
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2000 



3000 



4000 
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Fiqur 5 



Sandwich -Test 
40000 T 




1 2 3 4 5 6 7 8 
Probe Nr. 



BNSOOCIO: <GP 04 1756381 t > 



23 



B-416 



\1 



THIS PAGE LEFT BLANK 



B-417 



EP 0 417 563 A2 



SerflspSerUolCyaflapSerCyaGluflspSerThrTyrThrGlnLeuTrpflanTrpUai 
' CGGflCTCCGTGTGTGRCTCCTGTGflGGflCflGCRCflTflCflCCCRGCTCTGGRRCTGGGTT 

ProG I uCysLeuSerCyaG I ySerflrgCyaSerSerflapG InUa I G I uThrG I nfi I aCya 
CCCGHGTGCTTGflGCTGTGGCTCCCGCTGTflGCTCTGflCCflGGTGGflRfiCTCflflGCCTGC 

* * • • . 

ThrflrgG I uG I nflsnflrg i I eCya ThrCyaflrgProG I yTrpTyrCyafl ! aLeuSerLua 
flCTCGGGfiflCflGRHCCGCflTCTGCflCCTGCRGGCCCGGCTGGTfiCTGCGCGCTGBGCfiBG 

G I nG luG I yCyaflrgLeuCyafl I aProLeuProLyaCyaflrgProG I yPheG lyUa Iflla 
CflGGRGGGGTGCCGGCTGTGCGCGCCGCTGCCGBflGTGCCGCCCGGGCTTCGGCGTGGCC 

?rf^«SiHl h C G ' uThrS ""RapUo I Uo « CyaLyaProCyafl 1 aProG I yThrPheSer 
RGRCCRGGRRCTGRRRCRTCRGRCGTGGTGTGCRRGCCCTGTGCCCCGGGGRCGTTCTCC 

RanThrThrSerSerThrflapl I eCyaflrgProH isGi nl I eCyaRanUa I Ua I R I a I le 
RRCflCGflCTTCflTCCflCGGRTflTTTGCflGGCCCCRCCRGRTCTGTRflCGTGGTGGCCflTC 

' oSerflr 9fl'Pfl I aUa I CyaThrSerf hrSerProThrflrgSernatfl I o 
CCTGGGRflTGCnflGCRGGGRTGCflGTCTGCflCGTCCflCGTCCCCCflCCCGGflGTRTGGCC 
* 

^o?^?i!^i!fi aLeuPro6 1 nProU « 1 SerThrflrgSerG I nH I aThrG I nProSer 
CCflGGGGCflGTRCflCTTflCCCCRGCCflGTGTCCflCflCGRTCCCflflCRCflCtSCRGCCflflGT 

^o?i™!fr Thrfl 1 aProS ^ ThrSerPheLeuLeuProflet G I yProScrProPro 
CCRGRRCCCflGCRCTGCTCCflflGCflCCTCCTTCCTGCTCCCflflTGGGCCCCriGCCCCCCfl 

* * . 

rllVjirltl ~ thPG 1 y fl3pPhefl 1 oLeuProUa I G t yLeu 1 I eUa I G I yUa I Thrfl I a 
GCTGRRGGGRGCflCTGGCGRCTTCGCTCTTCCRGTTGGflCTGflTTGTGGGTGTGflCflGCC 

"! 1 e 1 ' eG 1 y Ua 1 Uo ' «'"Cy aUo I I I eliet ThrG I nUa I LysLy aLua 
TTGGGTCTflCTflflTRflTRGGRGTGGTGflflCTGTGTCflTCflTGflCCCflGGTGflflflflflGflflG 

^!i:?r?r ^ rxrSi^ rgC ' U " ' ° Ly " Ua 1 ProH 1 'LeuProfl I oflapLyafl I aflr gG I y 
CCCTTGTGCCTGCRGRGflGRRGCCflRGGTGCCTCRCTTGCCTGCCGflTRflGGCCCGGGGT 

ThrG I nG I yProG I uG I nG I nH i aLeuLeu I I eThrR I oProSerSerSerSerSerSer 
RCflCflGGGCCCCGflGCflGCflGCflCCTGCTGRTCflCflGCGCCGflGCTCCflGCfiGCflGCTCC 

r ?r?ir«?r^r rltl Si ' aL ^P^r-^ « aProThrflrgflanG i nProG I nfl I a 
CTGGflGflGCTCCGCCflGTGCGTTGGRCRGflflCCGCGCCCRCTCGGflflCCflGCCflCflGGCfl 
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Figur * ( Portsetzunq ) 



ProG I yUa I G I ufl I oSerG I yfl I aG I yG I ufl I aflrgfl I a Sen ThrG I ySerSerA I aflsp 
CCBGGCGTGGflGGCCflGTGGGGCCGGGGRGGCCCGGGCCBGCnCCGGGHGCTCHGCRGflT 

SarSerProG lyGlyHisGI yThrG I nUa I AsnUa I ThrCya I I eUo I AanUa I CysSer 
TCTTCCCCTGGTGGCCflTGGGflCCCflGGTCRRTGTCflCCTGCflTCGTGRRCGTCTGTAGC 

Ser SerAapH i sSerSerG I nCyaSerSerG I nfl I aSerSer Thrflet G I yflspThr Asp 
RGCTCTGACCRCRGCTCflCRGTGCTCCTCCCflAGCCRGCTCCRCAATGGGAGACACAGRT 
• 

SerSerProSerG I uSerPr oLyaAapG I uG I nUa I ProPheSerLyaG I uG I uCy aA I a 
TCCRGCCCCTCGGRGTCCCCGP.nGGReGAGCAGGTCCCCTTCTCCflRGGflTJGflflTGTGCC 

• 

PheArgScrG I nLeuG ! uThrProG I uThrLeuLeuG I ySer ThrG I uG I uLyaProLeu 
TTTCGGTCACAGCTGGRGRCGCCAGRGRCCCTGCTGGGGAGCRCCGRAGRGARGCCCCTG 

ProLeuG 1 yUa I Pr oRapA I aG I yflet LyaProSer 

CCCCTTGGRGTGCCTGRTGCTGGGRTGRRGCCCRGTTRRCCRGGCCGGTGTGGGCTGTGT 
CGTRGCCRRGGTGGCTGRGCCCTGGCRGGRTGACCCTGCGRRGGGGCCCTGGTCCTTCCfl 
GGCCCCCRCCRCTRGGRCTCTGRGGCTCTTTCTGGGCCflAGTTCCTCTAGTGCCCTCCflC 
RGCCGCAGCCTCCCTCTGRCCTGCflGGCCflAGAGCAGHGGCAGCGflGTTGTGGAAAGCCT 
CTGCTGCCRTGGCGTGTCCCTCTCGGRRGGCTGGCTGGCCATGGACGTTCCGGGCATGCT 
GGGGCflflGTCCCTGRGTCTCTGTGRCCTGCCCCGCCCBGCTGCflCCTGCCflGCCTGGCTT 
CTGGRGCCCTTGGGTTTTTTGTTTGTTTGTTTGTTTGTTTGTTTGTTTCTCCCCCTGGGC 
TCTGCCCRGCTCTGGCTTCCRGRflflflCCCCRGCATCCTTTTCTGCflGflGGGGCTTTCTGG 
RGRGGRGGGRTGCTGCCTGRGTCflCCCATGRAGACAGGRCAGTGCTTCAGCCTGAGGCTG 
flGRCTGCGGGflTGGTCCTGGGGCTCTGTGCflGGGflGGRGGTGGCflGCCCTGTflGGGBACG 
GGGTCCTTCflflGTTRGCTCRGGflGGCTTCGAAAGCATCflCCTCflGGCCAGGTGCflGTGGC 
TCACGCCTRTGRTCCCflGCRCTTTGGGflGGCTGflGGCGGGTGGRTCflCCTGflGGTTAGGA 
GTTCGRGRCCRGCCTGGCCRRCRTGGTRAAACCCCATCTCTACTARRAATACAGAAATTR 
GCCGGGCGTGGTGGCGGGCRCCTflTRGTCCCflGCTRCTCflGflflGCCTGAGGCTGGGAAAT 
CGTTTGAACCCGGGRRGCGGRGGTTGCRGGGflGCCGRGflTCACGCCACTGCACTCCAGCC 
TGGGCGRCnGRGCGRGRGTCTGTCTCRRRAGAARARRRAARAGCACCGCCTCCRAATGCT 
S fl SIIJI CCTTTTGTflCCBTGGTGTGRfiflGTCflGRTCCCCflGRG CGCCCRGGCBGGCCAC 
^J2II«? GTGCTGTGCCCTGGGCnflGfi TflflCGCRCTTCTflflCTflGflAATCTGCCAATTT 
III????? fiGTnfiGTnccn CTCflGGCCRACARGCCflRCGflCflflRGCCflflACTCTGCCAGC 
CRCflTCCflflCCCCCCRCCTGCCRTTTGCflCCCTCCGCCTTCflCTCCGGTGTGCCTGCRG 
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54 TNF-binding Proteins 

57 The present Invention relates to non-soluble proteins as well as to their 
soluble and non-soluble fragments, which bind TNF t in homogeneous form, as well 
as their physiologically compatible salts, especially such proteins with a mole- 
cular mass of 55 or 75 kDa (non-reducing SDS-PAGE conditions), processes for 
isolation of such protein antibodies against such proteins, DNA sequences, which 
are coded for non-soluble proteins as well as for their soluble or non-soluble 
fragments, which bind TNF, as well as those encoded for proteins, consisting in 
one part of a soluble fragment that binds TNF and in another part of all domains 
save the first of the constant region of the heavy chain of human immunoglobulins 
and the recombinant proteins thus encoded as well as processes for their produc- 
tion by means of transformed prokaryotic as vJell as eukaryotic cells. 
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TNF-BINDING PROTEINS 

The Tumor Necrosis Factor ot (TNF oc .also cachectin), discovered because 
of Its hemorrhagic-necrotizing effect on certain tumors, and lymphotoxin (TNF £ ) 
are two closely related peptide factors [3] of the class of lymphokines/cytokines, 
which will both from now on be designated as TNF [ see survey papers 2 and 3 ]. 
TNF disposes over a broad cellular performance spectrum. For Instance TNF has an 
inhibiting or cytotoxic effect on a series of tumor cell lines [2,3], stimulates 
the proliferation of fibroblasts and the phagocytizing/cytotoxic activity of 
myeloid cells [4,5,6], induces adhesion molecules in endothelial cells or has an 
inhibiting effect on endothelium [7,8,9,10], inhibits the synthesis of specific 
enzymes in adipocytes [11] and induces the expression of histocompatibility 
antigens [12] • Some of these TNF effects are achieved via induction from other 
factors or through synergistic effects with other factors, such as interferons 
or interleukins [13-16], for instance. 

TNF is involved in a series of patholigical conditions, for instance in 
shock conditions during meningococcal sepsis [17], during development of autoimmune 
glomerulonephritis in mice [18] or in case of cerebral malaria in mice [19] and 
humans [41]. Generally speakitig, the toxic effects of endotoxin appear to be 
transmitted through TNF [20]- Furthermore, TNF can, just like interleukin-1, bring 
on fever [39]. Based on the pleiotropic functional characteristics of TNF it can 
be assumed that TNF is a participant in interaction with other cytokines in a 
whole series of further pathological conditions as mediator of immune response, 
inflammation or other processes. 

These blolog i cat f ffectr are trarrsnrt tted through TN F via specif 4e receptor^,- - 

with TNF<* and TNF & both binding to the same receptors, according to the present 
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state of knowledge [21]. Different types of cells are differentiated by the number 
of TNF receptors [22,23,24]. Such quite generally considered TNF binding proteins 
(TNF-BP) were verified through covalent binding to radioactive marked TNF [24-29], 
with the following apparent molecular masses of the obtained TNF/TNF-BP complexes 
having been determined: 95/100 kOa and 75 kDa [24], 95 kOa and 75 kDa [25], 138 kDa, 
90 kDa, 75 kDa, and 54 kDa [26]. 100-5 kDa [27], 97 kDa and 70 fcDa [28] and 145 kDa 
[29]. By means of anti -TNF- antibody- immunoaff inity chromatography and preparative 
SDS-polyacril amide gel electrophoresis (SDS-PA6E) such a TNF/TMF-BP complex could be 
Isolated [27]. The reductive cleavage of this complex and the subsequent SDS-PAGE 
analysis resulted in several bands, which were not tested for TNF binding activity, 
however. Since the specific conditions, which must be employed for cleavage of the 
complex, lead to an inactivation of the binding protein [31], the latter was made 
impossible. The enrichment of soluble TNF-BP from human serum or urine by means 
of ion exchange chromatography and gel filtration (molecular masses in the range 
of 50 kDa) was described by Olsson et al . [30]. 

Brockhaus et al . [32] obtained an enriched TNF-BP preparation through TNFoc- 
1 igandaff inity chromatography and HPLC from membrane extracts of HL60 cells, which 
was in turn used as antigen preparation for the production of monoclonal antibodies 
against TNF-BP. Through use of such an immobilized antibody ( immunoaff inity chro- 
matography) an enriched preparation of TNF-BP was obtained by means of TNFotligand- 
affinity chromatography and HPLC by Loetscher and Brockhaus [31] from an extract 
of human placenta, which exhibited a strong wide band at 35 kDa, a weak band at 
about 40 kDa and a very weak band in the region between 55 kDa and 60 kDa, during 
the SDS-PA6E analysis. Moreover the gel exhibited a background smear in the region 
between 33 kDa and 40 kDa. The meaning of the protein bands thus obtained was not 
clear, however, in view of the heterogeneity of the initial material used (pla- 
centa tissue;; T mater iaT combined from several placentas ) . 
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The subject of the present invention is non-soluble proteins, i.e., for 
instance membrane proteins resp. so-called receptors and their soluble or 
non-soluble fragments, which bind TNF (TNF-BP) t in homogeneous form, as well as 
their physiologically compatible salts. Preferred are those proteins which are 
characterized , according to SDS-PAGE under non-reducing conditions, by apparent 
molecular masses of about 55 kDa, 51 kDa, 38 kDa, 36 kDa, 36 kDaand'34 kDaresp. 
75 kOaand 65 kDa particularly those with about 55 kDa and 75akDau Additional ly 
preferred are those proteins, which are characterized by at least one of the fol- 
lowing ami no-acid part sequences: 

( IA) Leu- Val -Pro-Hi s-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-Cys-Pro-Gln- 
Gly-Lys-Tyr-Ile-His-Pro-Gln-X-Asn-Ser-Ile 

(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-Thr-Thr-Lys 

(IIA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr-Glu-Glu-Lys-Pro-Leu 
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(IIB) Val-Phe-Cys-Thr 

(IIC) Asn-Gln-Pro-Gin-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-Ala-Gly-Glu-Ala 

( I ID) Leu-Pro-Al a-Gl n-Val -Al a-Phe-X-Pro-Tyr-Al a-Pro-Gl u-Pro-Gly-Ser-Thr-Cys 
(HE) II e-X-Pro-Gl y-Phe-Gly- Val -Al a-Tyr-Pro-Al a-Leu-Gl u 

(IIF) Leu-Cys-Ala-Pro 

(IIG) Val -Pro-Hi s-Leu-Pro-Ala-Asp 

(IIH) Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro where X stands 
for an amino acid residue that could not be determined unequivocally. 

In the state of the technology TNF-BP have already been characterized by an 
N-terminal partial sequence [European Patent Application Nr. 308 378], with this 
sequence differing from the N-terminal partial sequence according to the invention 
according to formula (IA). The TNF binding proteins described in the state of the 
technology relate by the way to soluble i.e. not membrane-bound TNF-BP isolated 
from urine and not to membrane-bound, i.e. non-soluble, TNF-BP. 

Also subject of the present application are processes for isolation of the 
TNF-BP according to the invention. These processes are characterized in that basi- 
cally the following steps of purification are being carried out sequentially: 
production of a cell extract or tissue extract, immunoaff inity chromatography 
and/or simple or multiple ligandaff inity chromatography, high pressure liquid 
chromatography (HPLC) and preparative SDS-polyacrilamide gel electrophoresis 
(SDS-PAGE). The combination of the individual purification steps known from the 
state of current technology is essential for the success of the process according 
to the invention, with individual steps within the scope of the task to be solved 
having been modified and improved. For instance the combined immunoaff inity 
chromatography/TNFe*- -1 igandaff inity chromatography step, initially used for en- 
richment of TNF-BP through human placenta [31], was changed in that a BSA-Sepharose 
4B-precolumn was used. This precolumn was put in series with the immunoaf f ini ty 

column and followed by the 1 igandaff ini ty cb TumrT for appTfcatfon 6f"ttw~ceT1 
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extract or membrane extract. After application of the extract the two columns 
mentioned last were decoupled, each eluated separately and the TNF-BP active 
fractions were purified once more through a ligandaffinity column. Essential 
for the carrying out of the reverse phase HPLC step according to the invention 
is the use of a solvent mixture containing a detergent. 

Furthermore a technical process to obtain high cell densities of mammalian 
cells, from which TNF-BP can be isolated, is also a subject of the present inven- 
tion. Such a process is characterized in that a medium, which was developed for 
the specific growth requirements of the cell line used, was employed in combina- 
tion with a perfusion instrument as described in detail In Example 2, for instance. 
By means of such a process cell densities for HL-60 cells may be increased to as 
much as 20 times higher than usual. § 

In addition the present invention relates to DNA sequences, which are coded 
for proteins that bind TNF and for their soluble and non-soluble fragments. By 
that we understand for instance DNA sequences that are coded for non-soluble 
proteins that bind TNF, or for their soluble and non-soluble fragments, with such 
DNA sequences being selectable from the following: 

(a) DNA sequences, as shown in Fig.l or Fig. 4, as well as their complete 
strands, or those that include these sequences; 

(b) DNA sequences that hybridize with sequences defined in (a) or with their 
fragments; 

(c) DNA sequences that do not hybridize with sequences as defined in (a) 
and (b) because of degeneration of the genetic code* but which code for 
polypeptides with exactly the same amino-acid sequence. 

That means that the present invention includes not only allelic variants 
but also such DNA sequences that result from deletions, substitutions and additions 
of one j) r more nucleotides of the sequences shown in Fig.l resp. Fig. 4, with the 
thus coded protetns being at all times TNF-BP. A sequence resulting^ from such a. . 
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deletion is described in SCIENCE 248, 1019-1023, (1990), for instance. 

Preferred are such DNA sequences that are coded for such a protein with an 
apparent molecular mass of about 55 kDa,with the sequence shown in Fig.l being 
especially preferred as are sequences that are coded for non-soluble or soluble 
fragments of such proteins, A DNA sequence that is, for instance, coded for such 
a non-soluble protein fragment stretches from nucleotide -185 to 1122 of the 
sequence shonw in Fig.l .DNA sequences that are coded for soluble protein fragments 
are, for instance, those that stretch from nucleotide -185 to 633 resp. from 
nucleotide -14 to 633 of the sequence shown in Fig.l .Also preferred are DNA 
sequences that are coded for a protein of about 75/65 kDa,with preference for 
those containing the partial cDNA sequences shown in Fig. 4 . 
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Especially preferred ONA sequences in this case are the sequences of the open 
reading frame from nucleotide 2 to 1*177. The peptides IIA, IIC, I IE, I IF, 
IIG and I IH are encoded by the partial cDNA sequence in Fig. 4, where the slight 
deviations in the experimentally determined amino acid sequences from the sequence 
derived from cDNA are most probably caused by the smaller resolution of gas phase 
sequencing. Also preferred are DNA sequences, which are coded for non-soluble 
as well as soluble fragments of TNF binding proteins with an apparent molecular 
mass of 75 kDA/65 kDa. DNA sequences for such soluble fragments can be determined 
based on the hydrophilia profiles of the amino sequences derived from nucleic 
acids coded for such non-soluble TNF-BP. 

The invention relates furthermore to DNA sequences, which comprise a combi- 
nation of two partial DNA sequences, with one partial sequence being coded for 
such soluble fragments of non-soluble proteins which bind TNF (above) while the 
other partial sequence is coded for all the domains, save the first domain of the 
constant region of the heavy chain of human immunoglobulins, like IgG, IgA, IgM 
resp. IgE. 

The present invention relates naturally also to recombinant proteins encoded 
by such DNA sequences. It is self-evident that such proteins,in whose amino acid 
sequences amino acids have been exchanged, for instance by means of directed 
mutagenesis* in such a way that the activity of the TNF-BP or their fragments, 
specifically the binding of TNF or the interaction with other membrane components 
involved in the signal transmission, were changed or retained in a desired manner, 
are also included. Amino acid exchanges in proteins and peptides, which in general 
do not change the activity of such molecules, are known in the current state of 
technology and have been described, for instance, by H. Neurath and R.L. Hill in 
" The Proteins " (Academic Press, New York 1979, see in particular Fig. 6, page 14). 
The exchanges occurring most frequently are: Ala/Ser, Val/Ile, Asp/Glu, Thr/Ser, 
Ala/&ly, Ala/Thr, Ser/Asn, Ala, Vat,, Ser/Gly lyrjlhe* Ala/Pro, Lys/Arg^ Asp/AsnT ~~ ~ 
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Leu/Ile, Leu Val , Ala/Glu, Asp/Gly, as well as in reverse direction. The present 
invention relates further to vectors that contain DNA sequences according to the 
invention and are suitable for the transformation of suitable prokaryotic as well 
as eukaryotic host systems , with such vectors being preferred whose use leads to 
the expression of the proteins encoded by the ONA sequences according to the in- 
vention. Finally the invention relates also to prokaryotic as we.ll as eukaryotic 
host systems transformed with such vectors, such as processes for production of 
recombinant combinations through cultivation of such host systems and subsequent 
isolation of these combinations from the host systems themselves or from their 
culture supernatants. 

Also subject of the present invention are pharmaceutical preparations, which 
contain at least one of these TNF-BP or their fragments, if so desired in combi- 
nation with additional pharmaceutical^ active substances and/or non-toxic, inert, 
therapeutically compatible carrier materials. 

The present invention relates finally to the use of such TNF-BP on the one 
hand for production of pharmaceutical preparations, resp. on the other hand to 
the treatment of diseases, preferably those in the course of which TNF is involved. 

The starting material for the TNF-BP according to the invention are in general 
cells that contain such TNF-BP in membrane-bound form and which are generally 
available to the specialist without any restrictions, like for instance HL60- 
[ ATCC Nr. CCL 240 ], U 937- [ ATCC Nr. CRL 1593 ], SW 480- [ ATCC Nr. CCL 228 ] 
and HEp2 cells [ ATCC Nr. CCL 23 ]. These cells may be cultivated according to 
known methods of the current state of technology [40] or for the attainment of 
high cell densities by means of the already 1n general and in detail described 
process for HL60 cells in example 2. TNF-BP may then be extracted according tr known 
methods of the current state of technology by means of suitable detergents, for 
instance Triton X-114, 1-0-n-octyl- /* -0-glucopyran oside (octylglucoside) , or 
3-£( 3-c^olylamidopropyl)-dimethy.laniiKiniQj-l-propane sulfonate ( CHAPS 1 , particularly 
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by means of Triton X-100, from the cells that have been centrifuged off the me- 
dium and washed. The usually employed methods of identification for TNF-BP, for 

125 

instance a polyethylene glycol -induced precipitation of the I-TNF/TNF-BP com- 
plex [27], in particular filter binding tests with radioacti vely marked TNF 
according to Example 1, may be used. The current state of technology methods ge- 
nerally employed for purification of proteins, particularly of membrane proteins, 
such as ion exchange chromatography, gel filtration, affinity chromatography, 
HPLC and SOS-PAGE, may be used for the recovery of the TNF-BP according to the 
invention. Particularly preferred methods for the production of TNF-BP according 
to the invention are affinity chromatography, particularly with JNF-ot as the 
ligand tied to the solid phase and immunoaff inity chromatography, HPL and SOS-PAGE. 
The elution of TNF-BP bands separated by means of SOS-PAGE can occur according 
to known methods of protein chemistry, for instance by means of electro-el ution 
according to Hunkapiller et al . [34], with the electrodialysis times listed there 
to be doubled in general according to the present state of knowledge. Still re- 
maining traces of SOS may then be removed according to Bosserhoff et al . [50]. 
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Having been thus purified the TNF-BP may be characterized by means of the 
methods of peptide chemistry known at the current state of technology, as for 
instance N-temrinal amino acid sequencing or enzymatic as well as chemical peptide 
cleavage. Fragments obtained through enzymatic or chemical cleavage may be separated 
by familiar methods., like HPLC for instance and then be subject cf N-terminal 
sequencing themselves. Such fragments, which still bind TNF, may be identified 
by means of the methods of identification for TNF-BP listed above and are also 
a subject of the present invention- 
Starting with the information about amino acid sequences or about the DNA 
sequences as well as amino acid sequences shown in Fig.l and Fig. 4 thus obtainable 
suitable oligonucleotides may be produced with methods known at the current state 
of technology while observing the genetic code degeneration [51]. With them and 
by again using well known methods of molecular biology [42,43] cONA banks or 
genomic DNA banks may be scanned for clones containing nucleic acid sequences en- 
coded for TNF-BP. In addition cDNA fragments may be cloned by means of the poly- 
merase chain reaction (PCR}[49] by inserting completely degenerated and due 
to their complementarity suitable oligonucleotides that come from separate, rela- 
tively short sections of the amino acid sequence and by observing the genetic code, 
as " primers", which enables amplification and identification of the fragment that 
lies between these two sequences. Determination of of the nucleotide sequence of 
such a fragment makes possible an independent determination of the amino acid 
sequence of the protein fragment for which it Is encoded. The cDNA fragments ob- 
tainable through PCR may also be used, as already described for the oligonucleotides 
proper, by means of known methods, for the search for clones encoded for TNF-BP 
and containing nucleic acid sequences from cDNA banks resp. genomic DNA banks. 
Such nucleic acid sequences can then be sequenced according to known methods [42], 
Based on the sequences thus determined as well as on those already known for 
certain receptors^- sucit partial sequences, which are encoded for soluble- TfiFr&P 
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fragments , may be determined and cut out from the total sequence by means of known 
methods [42]. 

The total sequence or such partial sequences may then be integrated by means 
of known methods into vectors described in the current state of technology for 
their multiplication and as well as expression in prokaryotes [42]. Suitable pro- 
karyotic host organisms are for instance gram-negative as well as ^ram-positi ve 
bacteria, like for instance E. coli strains, like E. coli HB 101 [ATCC Nr. 33 694] 
or E. coli W3110 [ATCC Nr. 27 325] or B. subtills strains. 

Furthermore nucleic acid sequences according to the invention, which are 
encoded for TNF-BP as well as for TNF-BP fragments, may be integrated into suitable 
vectors for proliferation as well as expression in eukaryotic host cells, like for 
instance yeast, insect cells and mammal cells^by means of known methods. Expression 
of such sequences occurs preferably in mammal as well as in insect cells. 

A typical expression vector for mammal cells contains an efficient promoter 
element, for achievement of a good transcription rate, the DNA sequence to be 
expressed and signals for an efficient termination and polyadenylation of the 
transcript. Additional elements that can be used are " enhancers " , which lead to 
further amplified transcription and sequences, which may for instance effect a 
longer biological half-life for the mRNA. For the expression of nucleic acid sequen- 
ces in which the endogene sequence piece encoded for a signal peptide is missing, 
vectors may be used that contain such suitable sequences encoded for signal peptides 
of other known peptides. See for instance the vecotr pLJ268 described by Cull en, 
B.R. in Cell 46, 973-982(1986) or also by Sharms, S. et al . in " Current Communi- 
cations in Molecular Biology ed. by Gething, M.J. Cold Spring Harbor Lab. (1985), 
pages 73-78. 

Most of the vectors used for a transient expression of a specific DNA sequence 

iQ..mammaL_celU contain the rep ! ication ^pri^ ui of the SV40 virus. In cells that 

express the T-antigen of the virus, (for instance COS ceTTsK ttTes^ vectors pro- 
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liferate strongly. But a temporary expression is not limited to COS cells. In 
principle any manmal cell may be used for that purpose. Signals that can effect 
a strong transcription are f for instance, the early and late promoters of SV40, 
the promoter and enhancer of the 11 major immediate-early " gene of HCMV (human 
cytomegalovirus), the LTR's ( "long terminal repeats") of retroviruses, like for 
instance RSV, HIV and MMTV. But signals from cellular genes, like for instance 
the promoters of the actin genes and colagenase genes » can be used. 

Alternatively, stable cell lines that have integrated the specific DNA se- 
quence in the genome (chromosome), may be obtained. For that the DNA sequence is 
co-transfected together with a selectable marker, for instance neomycin, hygromycin, 
dihydrofolate-reductase (dhfr) or hypoxanthine-guanine-phosphoribosyl transferase 
(hgbt). 
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The DNA sequence which is stably built into the chromosome can also be considerably 
increased. A suitable selection marker for it 1s the dihydrofolate-reductase (dhfr) 
for example. Mammal cells ( for instance CHO cells ), which contain no intact dhfr 
gene, will in that case be incubated with increasing amounts of methotrexate after 
completed transfection. In that way cell lines can be preserved that contain more 
than a thousand copies of the desired DNA sequence. 

Mammal cells, which can be used for the expression, are for example cells 
of the human cell lines He! a [ATCC CCL2] and 293 [ATTC CRL 1573], as well as 3T3- 
[ATCC CCL 163] and L cells, for instance [ATCC CCL 149], (CHO) cells [ATCC CCL 61], 
BHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL 70] cell lines and the COS 
cell lines [ATCC CRL 1650, CRL 1651]. 

Suitable expression vectors include for example vectors like pBC12MI [ATCC 
67 109], pSV2dhfr [ATCC 37 146], pSVL [Pharmacia, Uppsala, Sweden], pRSVCat [ATCC 
37 152] and pMSG [Pharmacia, Uppsala, Sweden]. Particularly preferred vectors are 
the vectors "pK19" and t, pN123 w used in Example 9. These can be isolated from the 
E. coli strains HB101(pK19) and HB101(pN123) .which are transformed with them, by 
means of known methods [42]* These E. coli strains were deposited on 26. January 
1990 with the German Collection of Micro-Organisms and Cell Cultures, Inc. (DSM) 
in Braunschweig (BRD) [form. West Germany ..Trans!.] under DSM 5761 for HB101(pK19) 
and DMS 5764 for HB101(pN123) .For the expression of proteins, which consist of 
a soluble fragment from non-soluble TNF-BP and an immunoglobulin component, i.e. 
all domains but the first from the constant region of the heavy chain, vectors 
derived from pSV2 like for example described by German, C. in "DNA Cloning" [Vol. 
II. edt by Glover, D.M., IRL Press Oxford, 1985], are particularly suitable. Par- 
ticularly preferred vectors are the vectors pCD4-Hu (DSM 5315), pCD4-H 1 (DSM 5314) 
and pCD4-H 3 (DSM 5523), which are deposited with the German Collection of Micro- 
o r ga nism s — and tell Cul turPs,,lnc^.(i^Ml,JjL Braunschwe1g t BRD and described in 
detail in the European Patent Appl icat^ 
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specification mentioned, as well as the equivalent patent applications listed in 
Example 11, also contain material relating to the further use of these vectors 
for the expression of such chimeric proteins with other immunoglobin components. 

The nature and manner in which the cells are being transfected depends on 
the expression system and vector system chosen. A survey of these methods is found 
for example at Pollard et al . , "DNA Transformation of Mammalian tells" in 
"Methods of Molecular Biology" [Nucleic Acids Vol.2, 1984, Walker, J.M., ed, 
Humana, Clifton, New Jersey]- Further methods are found at Chen and Okayama 
[" High-Efficiency Transformation of Mammalian Cells by Plasmid DNA", Molecular 
and Cell Biology 7, 2745-2752, 1987] and at Feigner [Feigner et al., "Lipofectin: 
a highly efficient 1 ipid-mediated DNA-transfection procedure", Proc. Nat. Acad. 
Sci. USA 84, 7413-7417, 1987]. t 

For the expression in insect cells the Baculovlrus-Expression-System, which 
has already been employed successfully for the expression of a series of proteins, 
(for a summary see Luckow and Summers, Bio/Technology £ r 47-55, 1988), can be used. 
Recombinant proteins can be produced authentically or as fusion proteins. The 
proteins thus produced may also be modified, for example be glycol ized (Smith 
et al., Proc. Nat. Acad. Sci. USA 82, 8404-8408, 1987). To produce a recombinant 

Baculovirus, which expresses the desired protein, a socalled "transfer vector " 
is employed. This is understood to be a plasmid, which contains the heterologous 
DNA sequence under control of a strong promoter, for instance that of the polyhed- 
ron gene* with the sequence being surrounded on both sides by viral sequences. 
Particularly preferred vectors are "pN113", "pN119" and "pN124", the vectors used 
in Example 10. These can be isolated according to known methods [42] from the 
E. coli strains HB101 (pN113) , HB( 101(pN119) and HB101(pN124) . These E. coli strains 

were deposited with thr German CoTTecttonr of" Mtcra-Organismr and Cett Cultures-, Irur. 
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(DSM) in Braunschweig, BRD, under DSM 5762 for HB101(pN113) , DSM 5763 for 

HB101(pN119) and DSM 5765 for HBl01(pN124) . The transfer vector is then transfected 
together with DNA from the wild type Baculovirus into the insect cells- The re- 
combinant viruses that are generated in the cells through homologous recombination 
may then be identified and isolated according to known methods. A survey about 
the Baculovirus-Expression-System is found at Luckow and Summers '[52]. 

Expressed TNF-BP as well as their non-soluble and soluble fragments can then 
be purified out through methods of the protein chemistry known at the current 
state of the technology, as for example the methods already described on pages 
5-6, from the cell mass and or the culture supernatants. 

The TNF-BP recovered according to the invention may also be used for the 
production of polyclonal and monoclonal antibodies according to known methods of 
the technology [44,45] or according to the method described in Example 3. 
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Such antibodies, particularly monoclonal antibodies against the 75 kDa TNF-BP 
species, are also a subject of the present invention. Such antibodies directed 
against the 75 kDa TNF-BP can be employed for isolation of TNF-BP by means of 
modifications familiar to the specialist to the purification method described in 
detail in Examples 4-6. 

Based on the high binding affinity for TNF of the TNF-BP according to the 
invention ( K d values of the orders of magnitude of l(f 9 - 1" 10 M) they or fragments 
thereof may be used as diagnostics for identification of TNF 1n serum or in other 
body fluids according to methods known at the current state of technology, for 
instance in solid phase binding tests or in combination with anti-TNF-BP anti- 
bodies on socalled "sandwich" tests. 

In general TNF-BP may be used according to the invention for purification 
of TNF on the one hand and for the location of TNF-agonists as well as TNF-anta- 
gonists by means of methods known at the curent state of technology on the other. 

The TNF-BP according to the invention as well as their physiologically com- 
patible salts, whfctt carr be produced according to the methods known at the current 
state of technology, may also be used for production of pharmaceutical preparations 

in particular those for treatment of diseases in the course of which TNF is 
involved. One or several of the mentioned compounds, if desired resp. required in 
combination with other pharmaceutical ly active substances, may be processed in a 
known manner with the usually employed solid or liquid carrier materials. The 
dosage of such preparations can occur with reference to the usual criteria in 
analogy to preparations of similar activity and structure already in use. 

After having described the above invention in general, the following examples 
are to illustrate details of the invention without limiting it by that in any 
way. 
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Example 1 



Detection of TNF-binding Proteins 

The TNF-BP were detected in a filter test with human radioactive iodine 
125 I-TNF. TNF (46,47) was marked radiactively with Na 125 I (IMS40, Amersham, 
A.mersham, England) and Iodo-Gen (#28600, Pierce Eurochenrie, Oud-Bei jerland, Ne- 
therlands) according to Fraker and Speck [48]. Isolated membranes of the cells 
or their solubilized, enriched and purified fractions,were applied to wetted 
cellulose nitrate filters (0.45 ji, Bio.Rad, Richmond, CA, USA)for detection of 
the TNF-BP. The filter was then blocked in buffer solution with 1% of defatted 

powdered milk and subsequently incubated, washed and airdried with 5*10 5 cpm/ml 

125 8 

I-TNFot (0.3-1.0*10 cpm/jjg) in two batches with and without addition of 5 jjg/ml 

of unmarked TNFot . The bound radioactivity was detected through autoradiography 

125 

semiquantitati vely or counted in a Y* counter - The specific I -TNPc* binding 

was obtained after correction for nonspecific binding in the presence of unmarked 

TNF-oc in the surplus. The specific TNF binding during the filter test was measured 

at various TNF concentrations and analyzed according to Scatchard [33], with a 

.g in 

K d value of ^ 10 - 1- having been obtained. 



Example 2 

Cell Extracts from HL-60 Cells 

HI 60 cells [ATCC Nr. CCL 240] were cultivated on an experimental laboratory 
scale in an RPMI 1640-Medium [GIBCO catalog Nr. 074-01800], that also contained 
2 g/1 NaHC0 3 and 5% total calves' serum, within an atmosphere of 5Z C0 ? and were 
subsequently centrifuged. 

The following procedure was used to obtain high cell densities on a technical 



scale. BreedJisg was. carried put _i n a 75. ? j ter_ ai r 1 i f t f e rmen t e r ( Chemap . Co . ""SwT- 
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tzerland) with 58 liter of working volume. For that purpose the cassette membrane 
system "PROSTAK" (Millipore, Switzerland) with a membrane surface of 0.32 m 2 (1 
cassette) was integrated into the external circulation. The culture medium (see 
Table 1) was recirculated at 5 1/min. with a Watson-Marl ow pump Type 603U. After 
sterilization of the equipment with steam, with the "PROSTAK" system being sepa- 
rately autoclaved, fermentation was started with growing HL-60 cells from a 20 1 
airlift fermenter (Chemap). Cell breeding in the seed fermenter was carried out 
in the medium through a conventional batch process according to Table 1 and an 
initial cell titre of 2xl0 5 cells/ml. After 4 days the HL60 batch with a titre of 
4.9xl0 6 cells/ml was transferred to the 75 1 fermenter. The pH value was kept at 
7.1 and the p0 2 value at 25% saturation, with oxygen being fed through a micro- 
porous frit. After initial batch formation the perfusion was started on the second 
day with a cell titre of 4xl0 6 cells/ml at a medium exchange rate of 30 1 per 
day. On the filtrate side of the membrane the conditioned medium was withdrawn and 
replaced by inflow of fresh medium. The inflowing medium was strengthened as fol- 
lows: prima tone from 0.25* to 0.35*, glutamin from 5 mK to 6 rrtff and glucose from 
4 g/1 to 6 g/1 . The perfusion rate was then raised on the third and fourth day to 
72 1 of medium/day and on the fifth day to 100 1 of medium/day. After 120 hours 
of continuous breeding the fermentation was finished. Exponential cell growth up 
to 40xl0 6 cells/ml occurred under the given conditions of fermentation. The period 
for doubling the cell population was 20-22 hours up to lOxlO 6 cells/ml and in- 
creased to 30-36 hours with increasing cell density. The share of the living cells 
was around 90-95X during the entire period of fermentation. The HL-60 batch was 
then cooled down to about 12°C in the fermenter and the cells were recovered through 
centrifugation (Beckmann centrifuge [model J-6B, rotor JS], 3000 rpm, 10 min., 4°C). 
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Table 1 



HL -60 Medium 
Components 



Concentrations 
mg/1 



CaClg ( moisture free) 

Ca{N0 3 ) 2 -4H 2 0 

CuS0 4 •5H 2 0 

Fe(N0 3 ) 3 -9H 2 0 

FeS0 4 »7H 2 0 

KC1 

KN0 3 

MgC1 2 (moisture free) 
MgS0 4 (moisture free) 
NaCl 

Na 2 HP0 4 (moisture free) 
NaH 2 P0 4 »H 2 0 
Na 2 Se0 3 -5H 2 0 
ZnS0 4 -7H 2 0 

D-Gl ucose 

61 utathl on ( red . ) 
Hepes-Buf fer 
Hypoxanthi n 
Linoleic Acid 
Liponic Acid 
Phenol Red 
Putrescin 2HC1 
Na-Pyruvat 

TTTyffiTdTn - - 



112,644 
.20 

0.498 .10' 
0.02 
0.1668 
.336.72 
0.0309 
11.444 
68.37 
5801.8 
188,408 
75 

9.6»10" 3 
0.1726 

4000 

0.2 
2383.2 
0.954 
0.0168 
0.042 
10.24 

0.0322 
88 

0.144 
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Biotin 

D-Ca-Pantothenate 
Choline Chloride 
Folic Add 
i-Inositol 
Niacin Amide 

para- Amino-Benzoic Add 

Pyridoxal HCL 

Pyridoxin HCL 

Riboflavin 

Thiamin HCL 

Vitamin 

L- Alanine 

L- Asparagine Add 

L- Asparagine HgO 

L- Arginine 

L- Arginine HC1 

L- Aspartate 

L- Cystine 2HC1 

L- Cysteine HC1 »H 2 0 

L- Glutamine Acid 

L- Glutamine 

L- Glycine 

L- Histidlne 

L- Hlstidine HC1 »H 2 0 

L- Hydroxypy rol i ne 

L- Isoleucine 

L_- Leuci ne 

-9a 



0.04666 
2.546 
5.792 
2.86 
11.32 
2.6 
0.2 

2.4124 
0.2 

0.2876 

2.668 

0.2782 

11 .78 
10 

14.362 
40 

92.6 

33.32 

62.04 

7.024 
36.94 
730 
21.5 
3 

27.392 
4 

73.788 

isTfi* "" 
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L- Lysine HC1 102.9 

L- Methionine 21.896 

L- Phenylalanine 43.592 

L- Proline 26.9 

L- Serine 31.3 

L- Threonine S3 

I- Tryptophan 11.008 

L- Tyrosine »2Na 69.76 

L- Valine 62.74 

Penicillin/Streptomycin 100 U/ml 
Insulin (human) 5 ng/ml 

Transferrin (human) , 15 jjg/ml 

Bovine Serum Albumin 67 jjg/ml 
Primatone RL (Sheffield Products, 

Norwich, N.Y., USA) 0.25% 
Pluronic F68 

(Serva, Heidelberg, BRD) 0.01% 
Fetal Calves' Serum 0.3-3% 



The centrifugate was washed with isotonic phosphate buffer (PBS; 0,2g/l KC1, 
0.2 g/1 KH 2 P0 4 , 8.0 g/1 NaCl , 2.16 g/1 Na 2 HP0 4 • 7H 2 0), to which were added 5% 
dimethyl formamide , 10 mM benzamidine, 100 E/ml aprotinine, 10 uM leupeptlne, 
1 uM pepstatine, 1 mM o-pheanthrol 1ne, 5 mM lodacetamide, ImM phenylmethyl sulphonyl 
fluoride (and which will be referred to as PBS-M from now on). The washed cells 
were extracted at a cell density of 2.5- 10 8 cells/ml 1n PBS-M with Triton X-100 
( final concentration 1.0%). The cell extract was clarified through centrifugation 
( 15'000 x g. 1 hour; lOOtJOO x g. 1 hour). 
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Example 3 

Production of monoclonal (TNF-BP) Antibodies 

A supernatant of centrifugation obtained according to Example 2 from culti- 
vation of HL60 cells on an experimental laboratory scale was diluted 1:10 with 
PBS. The diluted supernatant was applied at 4°C to a column (flow rate: 0,2 ml/min), 
which contained 2 ml Affigel 10 (B1o Rad catalog Nr. 153-6099), to which 20 mg 
of recombinant human TNF-06 [Pennica, D. et al. (1984)Natur e 312 , 724; Shirai, T. 
et al. (1985) Nature 313, 803; Wang, A.M. et al . (1985) Science 228, 149] were 
coupled according to the suggestions of the manufacturer. The column was washed 
at 4°C and a flow-through rate of 1 ml/min first with 20 ml of PBS containing 
0.1* Triton X 114 and then with 20 ml PBS. The thus enriched TNF-BP was eluated 
at 22°C amd a flow rate of 2 ml/min with 4 ml *of 100 mM glycine, pH 2.8, 0.1% 
decylmal toside. The eluate was concentrated to 10 ajI 1n a Centricon 30 unit 
[Ami con]. 

10 pi of this eluate were mixed with 20 /jl of complete Freund's adjuvant 
to an emulsion. According to the procedure described by Holmdahl, R. et al . [(1985) , 
J. Immunol. Methods 83 379] 10 jjl of the emulsion were injected on days 0, 7 and 
12 into a rear paw of an anesthetized Balb/c mouse. 

On day 14 the immunized mouse was killed, the popliteal lymph node removed, 
chopped up and suspended in Iscove's medium (MEM, 6IBC0 catalog Nr. 074-2200), 
which contained 2 g/1 NaHCOj, through repeated pipetting. According to a modified 
procedure by De St. Groth and Scheidegger [J. Immunol. Methods (1980) ,35, 1] 5xl0 7 
cells of the lymph node were fused with SxlQ 7 PAI mouse myeloma cells (J.W. Stocker 
et al . , Research Disclosure, 217, May 1982, 155-157), which were in the process of 
logarithmic growth. The cells were mixed, collected through centrifugation then 
resuspended through gentle shaking in 2 ml 50% (v/v) polyethylene glycol in I MEM 
at. room temperature ami diluted- through slow- addition ot 10- ml- WEH dur i n$ 10 mi- 
nutes of careful shaking. The cells were collected through centrifugation and re- 



suspended in 200 ml of the complete medium [IMEM + 20% fetal calves 1 serum, glu- 
tamine (2.0 mM), 2-mercaptoethanol (100 pM), 100 juM hypoxanthine, 0.4 /jM amino- 
pterin and 16 jjM thymidine (HAT)]. The suspension was distributed among 10 tissue 
culture dishes, each with 96 indentations and .without change of medium, incubated 
at 37°C in an atmosphere of S% C0 g and at relative humidity of 98%,for 11 days. 

The antibodies are characterized by their inhibiting effect to TNF binding 
with HL60 cells or through their binding to antigen during the filter test accor- 
ding to Example 1. The following procedure was employed for detection of biological 
activity of anti- (TNF-BP)-antibodies : SxlO 6 HL60 or U937 cells were incubated 
in the complete RPMI 1640 medium together with affinity-free monoclonal anti(TNF-BP) 
antibodies or control antibodies (I.e. those that are not directed against TNF-BP) 
in a concentration range of 1 ng/ml to 10 jjg/pl - After an hour of incubation at 
37°C the cells were collected through centrifugation and washed with 4.5 ml PBS 

at 0°C . They were resuspended in 1 ml of complete RPMI 1640 medium (Example 2), 

125 6 

which contained additional 0.1% sodium azide and I-TNFoc(10 cpm/ml) with or 
without addition of unmarked TNFoc ( see above). The specific radioactivity of 
125 I- TNFot amounted to 700 Ci/mmol. The cells were incubated for 2 hours at 4°C, 
collected and washed four times with 4.5 ml PBS, which contained IX BSA and 0,001% 
Triton X 100 (Fluka), at 0°C. The radiactivlty linked to the cells was measured 
in a scintillation counter . In a comparable experiment the radioactivity linked 
to cells that were not treated with anti-(TNF-BP) antibodies was determined (about 
10,000 cpm/5xl0 6 cells ). 

Example 4 

Affinity Chromatography 

For further purification a monoclonal anti-(44 kOa TNF-BP0 antibody (2.8 mg/ml 
gel), as obtained according to Example 3, TNF (3.0 mg/ml gel) and bovine serum 
albumin (BSA., 8.A mg/ml gel ) were coupled coya.lent to CNBr-actiyaUd 
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(Pharmacia, Uppsala, Sweden). The cell extract obtained according to Example 2 
was fed through the thus established columns which were arranged in series in 
the following sequence: BSA-Sepharose precolumn, immunoaff ini ty column [anti- 
(55 kDa-TNF-BP)-antibody], TNFoc-ligand affinity column. After the completed 
task the two last mentioned columns were separated and individually washed with 
100 ml each of the following buffer solutions: (1) PBS, 1.0% Triton X-100, 10 mM 
benzamidine, 100 E/ml aprotinine; (2) PBS, 0.1% Triton X-100, 0.5 M NaCl 9 10 mM 
benzamidine, 100 E/ml aprotinine; and (3) PBS, 0.1% Triton X-100, lOmM benzamidine, 
100 E/ml aprotinine. The immunoaff ini ty column as well as the TNFot-1 igandaff ini ty 
column were then eiuate4, each one separately, with 100 mM glycine pH 2.5, 100 mM 
NaCl, 0.2% decylmaltoside, 10 mM benzamidine, 100 E/ml aprotinine. The fractions 
of each column that were active during the filter test as per Example 1 were always 

i 

united afterwards and neutralized with 1 M Tris pH 8.0 . 

The united TNF-BP active fractions of immunoaffini ty chromatography on the 
one hand and of TNFoc- ligandaff ini ty chromatography on the other were once more 
applied each to a small TNFot- ligandaffinity column for further purification. 
Afterwards these two columns were washed each with 40 ml of (1) PBS, 1.0% Triton 
X-100, 10 mM benzamidine, 100 E/ml aprotinine, (2) PBS, 0.1% Triton X-100, 0.5 M 
NaCl, 10 mM ATP, 10 mM benzamidine, 100 E/ml aprotinine, (3) PBS, 0.1% Triton X-100, 

(4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40, 1.0% desoxycholate, 0.1% SDS, 

(5) PBS, 0.2% decymatoside .Subsequently the columns were eluated with 100 mM 
glycine pH 2.5, 100 mM NaCl, 0,2% decylmaltoside. Fractions of 0.5 ml from each 
column were collected separately and the active fractions per filter test (Example 1) 
of each column united each separately and concentrated in a Centricon unit (Amicon, 
Molecular weight exclusion 10*000). 

Example 5 

Separation- by mean* of HH€ - — - - ~. - _ 
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The active fractions obtained according to Example 4 were applied with re- 
ference to the different origins ( immunoaff inity chromatography resp. 1 igandaffinity 
chromatography ) each separately to C1/C8 reversed-phase HPLC columns (ProRPC, 
Pharmacia, 5x20 mm), which had been equilibrated with 0.1Z trifluoroacetic acid, 
0.1% octyl glucoside* The columns were then eluated with a linear acetonitrile 
gradient (0-80%) in the same buffer with a flow of 0.5 ml/min. Fractions of 1.0 ml 
were collected from each column and the active fractions from each column were 
separately united (detection per Example 1). 

Example 6 

Separation by means of SDS-PAGE 

The active fractions obtained according to Example 5 and per filter test 
(Example 1) were further separated according to [34]. For that purpose the probes 
were heated for three minutes to 95°C in SOS probe buffer and subsequently sepa- 
rated electrophoretically on a 12% aery 1 amide separation gel with a 5% collecting 
gel. As reference for determination of the apparent molecular masses on the SDS- 
PAGE gel the following reference proteins were used: phosphorylase B (97.4 kDa), 
BSA (66.2 kDA), ovalbumin (42.7 kDa), Carboanhydrase (31.0 kDa), soy trypsin in- 
hibitor (21.5 kDa) and lysozyme (14.4 kDa). 

Under the conditions mentioned two bands of 55 kDa and 51 kDa as well as three 
weaker bands of 38 kDa, 36 kDa and 34 kDa were obtained for probes that had been 
obtained according to Example 4 through TNFoc-1 igandaffinity chromatography from 
immunoaffinity chromatography eluates and had been further separated through HPLC 
according to Example 5. These bands were transferred electrophoretically in a 
Mini Trans Blot System (Bio Rad, Richmond, CA, USA) for 1 hour at 100 V in 25 mM 
Tris, 192 mM glycine, 20% methanol to a PVDF membrane (Immobilon, Millipore, Bed- 
ford, Mass. USA). Afterwards the PVDF membrane was dyed either with 0.15% 
S e r va-Blau (Se r va t ~Me4 d e l her g t BRD) in meth a n o l /w a t e r / glacia l acetic acid (50/40/10 

parts by volume) to protein or blocked with defatted powdered milk : and subse- 
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quently incubated with 125 I-TNF«t according to the filter test conditions described 
in Example 1 for the detection of bands with TNF-BP activity. It was shown that 
all the bands exhibited in the protein, colcr specifically bound TNFoC.All these bands 
bound in the Western blot according to Towbin et al. [38] including the monoclonal 
anti-55 kDa-TNF-BP- antibody produced according to Example 3. In that case a 
rabbit-anti-mouse -immunoglobulin antibody marked by Na A "l radieactivtfxaff inity- 
free(mouse immunoglobulin -Sepharose-4B affinity column) according to the process 
described in Example 1 was employed for autoradiographic detection of this antibody. 

Probes, which are obtained according to Example 4 through double TNF*. - 
1 igandaf f inity chromatography of the flowthrough of immunoaff inity chromatography 
and are further separated through HPLC according to Example 5, showed two additional 
bands of 75 kDa and 65 kDa, both of which bound TNF specifically during the filter 
test (Example 1). In the Western blot according to Towbin et al . (see above) the 
proteins of these two bands did not react with the anti-(55 kDa TNF-BP)- antibody 
produced according to Example 3. They did react, however, with a monoclonal antibody, 
which had been produced according to Example 3 starting from the 75 kDa band 
(anti-75 kDa TNF-BP-antibody) . 

Example 7 

Amino Acid Sequence Analysis 

For amino add sequence analysis the active fractions obtained according to 
Example 5 and per filter test (Example 1) were separated by means of the SDS-PAGE 
conditions described in Example 6 and now being reduced (SDS probe buffer with 
125 mM dtthiothreitol ). The same bands were found as per Example 6, but they 
all showed about 1-2 kDa higher molecular masses in comparison with Example 6 
because of the reducing conditions of SDS-PAGE. These bands were then transferred 
according to Example 6 to PVDF membranes and dyed with 0.15Z 35 Serva-Blau in 
meOrafreTA^Iter/gTactal^aMCgttC' ac i d ( 5 0/40/lfr parts- per- v o lu me ) during -fr nrfmrte; 
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decolored with methanol /water/glacial acetic acid (45/48/7 parts by volume), rinsed 
with water, airdried and then cut out. During all the steps the conditions given 
by Hunkapiller [34] were followed to avoid N-terminal blockage- At first the 
purified TNF-BP were placed unchanged into the amino acid sequencing. To obtain 
additional sequence information, the TNF-BP were cleaved with bromocyanide (Tarr, 
G. E. in "Methods of Protein Microcharacterization", 165-166 op, cit. ) , trypsin 
and/or proteinase K, after reduction and S-carboxymethylation [Jones, B.N. (1986) 
in " Methods of Microcharacterization", J.E. Shively, ed. Human Press, Clifton 
N.J. 124-125] and the peptides were separated by means of HPLC according to known 
methods of protein chemistry. So prepared the probes were then sequenced in an 
automated gas phase-mi crosequencing apparatus (Applied Biosystems Model 470A, ABI, 
Foster City, CA, USA) with an on-line automated HPLC PTH- amino acid analyzer 
(Applied Biosystems Model 120, ABI see above) 'behind it, with the following 
amino acid sequences being determined : 

1. For the 55 kDa band (according to non-reducing SDS-PAGE): 

Leu-Val -Pro-Hi s-Leu-Gly-Asp-Arg-Gl u-Lys-Arg-AspSer-Val -Cys-Pro-61 n-Gly-Lys- 

Tyr-Ile-His-Pro-Gln-X-Asn-Ser-Ile 

and 

Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-GlyThr-Thr-Thr-Lys 

where X stands for an amino acid residue that could not be identified. 

2. For the 51 kDa and the 38 kDa bands (according to non-reducing SDS-PAGE): 
Leu-Val -Pro-Hi s-Leu-Gly-Asp-Arg-Glu 

3. For the 65 kDa band (according to non-reducing SDS-PAGE): during N-terminal 
sequencing of the 65 kDa band two parallel sequences were identified without 
interruption down to the 15th residue. Since one of the sequences corresponded 
to a partial sequence of ubiquitine [36,37] the following sequence was derived 
for the 65 kDa band: 

Leu^^ 
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where X stands for an amino acid residue that could not be identified. 
Additional peptide sequences for 75(65)kDa-TNF-BP were identified: 
I 1 e-X-Pro-Gly-Phe-Gly-Val -Al a-Tyr-Pro-Al a-Leu-Gl u 
and 

Ser-Gl n-Leu-Gl u-Thr-Pro-Gl u-Thr-LeuLeu-Gl y-Ser-Thr-Gl u-Gl u-Lys -Pro-Leu 
and 

Val-Phe-Cys-Thr 
and 

Asn-Gl n-Pro-Gl n-Al a-Pro-Gly-Val -Gl u-Al a-Ser-Gly-Al a-Gly-Gl u-Al a 
and 

Leu-Cys-Ala-Pro 
and 

Val -Pro-Hi s-Leu-Pro-Ala-Asp 
and 

Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro 

Where X stands far an amino acid residue that could not be identified. 

Example 8 

Analysis of Base Sequences of Complementary DNA (cDNA) 

Starting with the amino acid sequence according to formula AI, complete Rege- 
nerated oligonucleotides corresponding to amino acid residues 2-7 and 17-23 were, 
with consideration of the genetic code, synthetlzed in suitable complementarity 
("sense" and "anti sense" oligonucleotide). Total cellular RNA was isolated from 
HL60 cells r42 f 43] t and tht first strand of cDNA was synthetlzed through oligo- 
dT-priming or through priming with the "anti sense" oligonucleotide by means of 
a cDNA synthesis kit (RPN 1256 Amersham, Amersham England) according to the ma- 
nufacturer's instructions. This cDNA strand and the two synthetlzed degenerated 
^serTse^ I n<T ^arrtt^ errse^ ol i gonucl e o t i de s were^t*sed- fn- * p o lym e r ase- ^Ha4n- r eac t i o n 
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(PCR t Perkin Elmer Cetus, Norwalk, CT,USA, according to manufacturer's Instruction) 
to synthetize the base sequence encoded for the amino acid residues 8-16 (formula 
IA)as a cDNA fragment. The base sequence of this cDNA fragment is as follows: 
5- AGGGAGAAGAGAGATAGTGTGTGTCCC-3 This cDNA fragment was used as probe to identify 
a cDNA clone encoded for the 55 kOA TNF-BP in a *gt 11-cDNA-gene bank of human 
placenta (42 t 43) through known procedures- This clone was then cut from the Ar vector 
with the usual methods and cloned into the M13mpl8/M13mpl9 bacteriophages (Phar- 
macia, Uppsala, Sweden) (42,43). The nucleotide sequence of this cDNA clone was 
determined by means of a sequenase kit (U.S. Biochemical, Cleveland, Ohio, USA) 
according to information from the manufacturer. The nucleotide sequence and derived 
from it the amino acid sequence for the 55 kDa TNF-BP and its signal peptide 
(amino acid "-28" to amino acid "0 M ) is illustrated 1n Fig.l with abbreviations 
for bases and amino acids customary at the present state of technology. From 
sequence comparisons with other already known receptor protein sequences about 
180 N-terminals containing amino acids as well as 220 C-terminal domains contai- 
ning amino acid may be identified, which are separated by a transmembrane region 
of 19 amino acids (underlined in Fig.l) typical according to sequence comparisons. 
Hypothetical glycosyl ization locations are marked with stars above the correspon- 
ding amino acid in Fig.l . 

Analog technologies were employed basically for identification of partial 
cDNA sequences encoded for 75/65 kOa TNF-BP with, in this case, genomic human DNA 
and from peptide IIA derived completely degenerated 14-mer (polymer ..Transl.) 
and 15-mer "sense and "antlsense" nucleotides being used, to produce a primary, 
26 bp cDNA probe in a polymerase chain reaction. This cDNA probe was then used 
for identification of cDNA clones of various lengths in a HL-60 CDNA library. 
This cDNA library was produced by means of isolated HL60 RNA and a cDNA cloning 
kit (Amersham) per instructions of the manufacturer. The sequence of such a 
cDNA. clone is Jll5trj^^jn^Tg74> with repeated ~sequgffctrr g l e ad in g - to^ttre 
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following correction . In place of the serine in position 3 a threonine must be 
put which is encoded by "ACC" and not by "TCC". 

Example 9 

Expression in COS 1-Cells 

For the expression in COS cells vectors were constructed which originated 
from plasmid "pNll". The plasmid "pNll" contains the efficient promoter and en- 
hancer of the "major immediate-early M gereof the human cytomegalovirus ("HCMV"; 
Boshart et al . , Cell 41 , 521-530, 1985). Behind the promoter there is a short 
DNA sequence, containing several restriction interfaces that occur only once 
in the plasmid ("polyl inker"), among them the interfaces for Hindi II, Ball, 
BaMHI and PvuII (see sequence)* 

PvuII 1 
5 ' - AAGCTTGGCCAGGATCCAGCTGACTGACTGATCGCGAGATC-3 ' 
3 1 - TTCGAACCGGTCCTAGGTCGACTGACTGACTAGCGCTCTAG-5 1 

Behind these interfaces there are three translation stop codons in all three 
reading rasters - Behind the poly! inker sequence is the second intron and the 
polyadenyl ization signal for the preproiosul in gene of the rat (Lomedico et al . 
Cell 18 9 545-558, 1979). The plasmid contains furthermore the replication origin 
of the SV40 virus as well as a fragment from pBR322, which confers ampicillin 
resistance on E. coli bacteria and makes possible the replication of the plasmid 
in E. coli . 

For construction of the expression vector rt pN123" this plasmid w pNll M was 
cut with the restriction endonuclease PvuII and subsequently treated with 
alkaline phosphatase. The dephosphoryl ized vector was then Isolated from an 
agarose gel (VI). The 5- overhanging nucleotides of the EcoRi cut 1.3 kb frag- 
ments of the 55 kDa TNF-BP*cDNA (see Example 8) were filled with the help of 
Klenpw enzyme. Subsequently this fragment was i sol ated f roman '"agarose " geT~ ( Fi ) . 
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Afterwards VI and Fl were united by means of T4 ligase. E. coli HB 101 cells 
were then transformed with this ligation batch according to familiar methods [42]. 
With the aid of restriction analyses and DNS sequencing according to familiar 
methods [42] transformants were identified, which had been transformed with a 
plasmid that contained the 1.3kb EcoRI fragment of the 55 kOa TNF-BP-cDNA in 
correct orientation for the expression via the HCMV promoter. This vector received 
the designation "pN123". 

The following procedure was used for construction of the vector H pK19". A 
DNA fragment f which contains only the cDNA coded fer th« extracellular part of 
the 55 kDa TNF-BP (amino acids -28 to 182 according to Fig.l) was obtained by 
means of PCR technology (Saiki et al . , Science 230, 1350-1354, 1985, see also 
Example 8). The following oligonucleotides were used for amplification of the 
cDNA encoded for the extracellular part of 55 kDa TNF-BP from ,, pN123". 

BAMHI 

5 • -CACA66GATCCATA6CT6TCTG6CAT6G6CGTCTCGAC-3 ' 

ASP718 

3 ' -C6TGACTCCTGAGTCCGTGGTGTATTATCTCTAGACCATGGCCC-5 1 

By means of these nucleotides two stop codons of the translation were also intro- 
duced behind amino acid 182. The thus amplified fragment was cut with BamHI and 
Asp718 and the resulting projecting ends were filled with the aid of the Klenow 
enzyme; this fragment was subsequently isolated from an agarose gel (F2). F2 was 
then ligated with VI and the whole batch used for transformation of E. coli HB101, 
as already described. Transformants which were transformed with a plasmid that 
contained the DNA fragment in correct orientation for expression via the HCMV- 
promoter, were identified by means of DNA sequencing (see above). The plasmid 
isolated from it received the designation "pK19". 

the cos ce ^ 1s wltn P ^j*? 1 !!* " P 1 * 123 or " P*1 9 w w a s ca rr ie d 

out according to the lipofection method published by Feigner et al . (Proc. Natl. 
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Acad. Sci. USA 84 , 7413-7417, 1987). 72 hours after the completed transfection 
the cells transfected with M pN123 n were analyzed according to known methods with 
125 I-TNFot,for binding. The result of the Scatchard analysis [Scatchard, G., Ann. 
N. Y. Acad. Sci. 51, 660, 1949] of binding data obtained in that way (Fig.2A) is 
illustrated in Fig. 2B. The culture supernatants of the cells transfected with 
rt pK19 H were investigated in a "sandwich" test. For that purpose PVC microti tre 
plates (Dynatech, Arlington, VA, USA) with 100 jj/hole of a rabbi t-anti -mouse 
immunoglobulin (10 pg/ml PBS)were sensitized. The plate was subsequently washed 
and incubated (3 hours, 20°C) with an anti-55 kDa TNF-BP antibody, which was de- 
tected according to Example 3 through its antigen binding and isolated, but does 
not inhibit TNF binding to cells. The plate was then washed again and incubated 
overnight at 4°C with 100 /il/hole of the culture supernatants (diluted 1:4 with 
buffer A containing IX defatted milk powder :* 50 mM Tris/HCl pH 7.4, 140 mM NaCl , 

5 mM EDTA, 0.02% Na-azide ). The plate was emptied and incubated with buffer A 

fi 125 
(10 cpm/ml, 100/il/hole) containing I-TNF«, with or without addition of 2/jg/ml 

unmarked TNF for two hours at 4°C . Afterwards the plate was washed four times 

with PBS, the individual holes were cut out and measured in a Y" counter - The 

results of five parallel transfections (columns # 2,3,4,6 and 7), of two control 

transfections with the pNll vector (columns #1,5) and of a control with HL60-cell 

lysate (column #8) are illustrated in Fig. 3. 

Example 10 

Expression in Insect Cells 

For expression in a baculovirus expression system a start was made with the 
plasmid M pVL941" (Luckow and Sommers, 1989, "High Level Expression of Nonfused 
Foreign Genes with Autographa California Nuclear Polyhedrosis virus Expression 
Vectors", Virology 170 . 31-39), which was modified as follows. The sole EcoRI- 
Tnterface in "PVL941" was removed by Cutting- t he p l as mi d wtttr f coRt and- f+mng 
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the protruding 5 'ends with Klenow enzyme. The thus obtained plasmid pVL941/E- 
was digested with BamHI and Asp718 and the vector rump subsequently Isolated from 
an agarose gel- This fragment was ligated with a synthetic oligonucleotide of 
the following sequence: 

BamHI EcoRI Asp718 
5' - GATCCAGAATTCATAATAG - 3 1 
3' - GTCTTAAGTATTATCCATG - 5' 

E. coli HB101 was transformed with the ligation batch and transformants, 
which contained a plasmid in which the oligonucleotide was correctly inserted, 
were identified through restriction analysis and DNA sequencing according to 
known methods (see above); this plasmid was called M PNR704". For construction 
of the transfer vector "pN113" this plasmid , {pNR704" was cut with EcoRI, treated 
with alkaline phosphatase and the thus generated vector rump (Y2) was subsequently 
isolated from an agarose gel- The 1.3 kb fragment of 55 kOa TNF-BP-cDNA, cut 
with EcoRI like above, was ligated with fragment V2. Trans foments obtained with 
this ligation batch, which contained a plasmid that contained the c DNA insert 
in the correct orientation for expression via the polyhedrin promoter, were iden- 
tified (see above). The vector Isolated from it received the designation "PN113". 

The following steps were taken for construction of the transfer vactor "pNH^' . 
The 1.3 kb EcoRI /EcoRI -fragment of the 55 kDa TNF-BP cDNA 1n the "pUC19 M plasmid 
(see Example 8) was digested with Ban I and ligated with the following synthetic 
oligonucleotide : 

BanI Asp718 
5' - GCACCACATAATAGAGATCTGGTACCGGGAA - 3' 
3' - GTGTATTATCTCTCTAGACCATGGCCC - 5' 

By means of the above adapter two stop codons of the translation behind 
^m}no acid- 1&2_ and an_ interface for the restri ctions endonucjease Asp/la are 
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inserted. After completed ligation the batch was digested with EcoRI and Asp718 
and the partial 55 kDa TNF-BP fragment (F3) was isolated. Furthermore plasmid 
"pNR704 H t which was also cut with Asp718 and EcoRI, was ligated with F3 and the 
ligation batch transformed in E. coli HB101. Identification of the transformants, 
which contained a plasmid in which the partial 55 kDa TNF-BP cDNA was integrated 
corectly for the expression, was carried out as already described. The plasmid 
isolated from these transformants received the name "pN119". 

The following procedure was followed in construction of the transfer vector 
H pN124 H . The cDNA fragment described in Example 9, which encodes for the extra- 
cellular part of 55 kDa TNF-BP, was amplified with the oligonucleotides mentioned 
by means of PCR technology, as described in Example 9. This fragment was cut with 
BamHI and Asp718 and isolated from an agarose gel (F4). The plasmid "pNR704" was 
also cut with BamHI and Asp718 and the vector rump (V4) was isolated (see above). 
The fragments V4 and F4 were ligated, used to transform E. coli HB101 and the 
recombinant transfer vector "pN124" was identified and isolated, as described. 

The following procedure was used for transfection of insect cells. 3 |ig of 

the transfer vector "pNHS" were transfected with 1 jig DNA of Autographa cali- 

fornica-nuclear-polyhedrosis virus (AcMNPV) (EP 127839) in Sf9 cells (ATCC CRL 

1711). Polyhedrin negative viruses were identified and purified from "Plaques" 

[52]. With these recombinant viruses Sf9 cells were again infected as described 

in [52]. After 3 days in the culture the infected cells were examined for binding 
125 

of TNF with I-TNFot . For that purpose the transfected cells were washed with 

a Pasteur pipette from the cell culture dish and, with a cell density of SxlO 6 

125 

cells /ml culture medium [52] containing 10 ng/ml I- TNF-oCtas well as in the 
presense and absence of 5 /jg/ml unmarked TNF-oc » they were resuspended and in- 
cubated on ice for two hours. Afterwards the cells were washed with a clean cul- 
ture medium and the cell bound radioactivity was counted with a "^-counter (see 
TabTe^ZfT ; 
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Table 2 


Cells 


Cell bound 




rad1oact1vfty/l0 6 




cells 


Non-1nfected cells (control) 


60 cpm 


Infected cells 


1600 - 330 com X) • 



Average value and std. deviation from 4 experiments 



Example 11 

Analogous to the method described in Example 9 the cONA fragment encoded for 
the extracellular range of the 55 kOa TNF-BP was now amplified 1n a polymerase 
chain reaction with the following ol igonucleqtides as primers : 

Oligonucleotide 1 : 
Sst I 

5' - TAC GAG CTC GGC CAT AGC TGT CTG GCA TG - 3' 

Oligonucleotide 2 : 
Sst I 

5' - ATA GAG CTC TGT GGT GCC TGA GTC CTC AG -3' 
This cDNA fragment was 11 gated Into the pCD4-HY 3-vector [DSM 5523; European 
Patent Application Nr. 90107393.2; Japanese Patent Application Nr. 108967/90; 
US Patent Application Ser. No. 510773/90]; from which the CF4-cDNA had been removed 
via the Sst I-restrictlon Interfaces. Sst Interfaces are present 1n vector pCD4-H 3 
before, Inside and behind the C04 partial sequence section. The construct was trans* 
fected by means of protoplast fusion according to 01 et al . (Proc. Nat. Acad. Scl. 
ttST-gCr , 8 2 5-8 29 , 1 9B 3) 1 n J558- m ye1uma cells i AT C C Nr . TIB 6)~r T r a n sf ec ta n ts were 
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selected into the basic medium (Dulbecco's modified Eagle's medium, 10X fetal 
calves' serum, 5xl(f 5 M 2- mercaptoethanol ) by addition of 5 jig/ml myphenollc 
add and 250 pg/ml xanthine (Traunecker et al., Eur. J. Immunol. 16 t 851-854 
[1986]). The expression product secreted by the transfected cells could be puri- 
fied through the usual methods of protein chemistry, for instance TNF-BP antibody 
afflnitychromatography. Where not already specifically mentioned/ standard methods 
like for example that of Freshney, R.I. 1n "Culture of Animal Cells-, Alan R. 
L1ss, Inc. New York (1983) were used for growing the cell lines used, for cloning, 
selecting, resp. for expansion of the cloned cells. 
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Claims 

1. Non-soluble proteins and soluble or non-soluble fragments thereof, which bind 
TNF 1n homogeneous form, as well as their physiologically compatible salts. 

2. Compounds according to Claim 1, which are characterized by molecular masses 
according to SDS-PAGE under nonreducing conditions of about 55 kDa and 75 kOa. 



3_ Compounds .accardin9-.ta..one..af..-.the. CI aims- 1 ^nd_2^ w^icir coatairLAt least one, 
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Leu-Val-Pro-H1s-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-Ser-Val-Cys-Pro-Gln-G1y-Lys-Tyr- 
Ile-His-Pro-Gln-X-Asn-Ser-Ile; 

Ser-Thr-Pro-Glu-Lys-Glu-GlyGlu-Leu-Glu-Gly-Thr-Thr-Thr-Lys; 

Leu-Pro-AI a-GI n-Val -Al a-Phe-X-Pro-Tyr-Al a-Pro-Gl u-Pro-Gly-Ser-Thr-Cys ; 

I 1 e-X-Pro-Gly-Phe-Gl y-Val -Al a-Ty r-Pro-Al a-Gl u-Pro-Leu-Gl u ; 

Ser-Gl n-Leu-Gl u-Thr-Pro-Gl u-Thr-Leu-Leu-Gly-Ser-Thr-GI u-Gl u-Lys-Pro-Leu; 

Val-Phe-Cys-Thr; 

Asn-GI n-Pro-Gl n-Al a-Pro-Gl y-Val -Gl u-Al a-Ser-Gly-Al a-Gly-Gl u-Al a; 

Leu-Cys-Ala-Pro; 

Val -Pro-Hi s-Leu-Pro-Ala-Asp; 

Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-Gln-X-X-Leu-Ile-X-Ala-Pro 

where X stands for an unidentified acid residue. 

i 

4. TNF sequences which are encoded for non-soluble proteins or soluble as well 
as non-soluble fragments thereof, that bind TNF, with such DNS sequences to be 
selected from the following: 

(a) DNA sequences, as shown in Fig^l or Fig. 4, as well as their complementary 
strands , or those that these sequences include; 

(b) DNA sequences, which hybridize with sequences as defined under (a) or with 
their fragments. 

(c) DNA sequences, which do not hybridize with sequences as defined under (a) and 
(b), because of degeneracy of the genetic code, but which are encoded for 
polypeptides with exactly the same amino acid sequence. 

5. DNA sequences according to Claim 4, which include a combination of two partial 
DNA sequences, with one partial sequence encoded for soluble fragments of non- 
soluble proteins that bind TNF, and the other partial sequence encoded for all 
domains save the first of the constant region of the heavy chain of human immu- 
noglobulins, like IgG, IgA, IgM resp. IgE. 

6^ MUL sequence* according, ta Claim, 5 •.. with saTd_l^ of 
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the IgM type resp. those of class IgG. 

7. DNA sequences according to Claim 6, where said human immunoglobulins are those 
of type Igl resp. Ig3. 

8* Recombinant proteins from DNA sequences encoded according to one of the Claims 
4-7, such as allelic variants, or deletion analogs, substitution analogs or addi- 
tion analogs thereof. 

9. Vectors, which contain DNA sequences according to one of the Claims 4-7 and 
are suitable for expression of proteins encoded by these DNA sequences in proka- 
ryotic as well as eukaryotic host systems. 

10. Prokaryotic as well as eukaryotic host systems which have been transformed 
with a vector according to Claim 9. 

11. Host systems according to Claim 10, which are mammalian or insect cells. 

12. Antibodies directed against a compound according to one of the Claims 1-3 or 8. 

13. A method for isolation of a compound according to one of the Claims 1-3 9 cha- 
racterized in that the following purification steps are carried out sequentially: 
production of a cell extract, immunoaff inity chromatography and/or simple or mul- 
tiple 1 igandaffinity chromatography, HPLC and preparative SDS-PAGE and if so desired 
cleavage of the compounds thus isolated and/or transference into suitable salts. 

14. A method for production of a compound per Claim 8, which is characterized 

in that a transformed host system according to Claim 10 or 11 is cultivated in a 
suitable medium and in that such compounds are isolated from the host system proper 
or from the medium. 

15. Pharmaceutical preparations. characterized* that they contain one or more compounds 
according to one of the Claims 1-3 or 8, if so desired 1n combination with additional 
pharmaceutically effective substances and/or non-toxic, inert, therapeutically 
compatible carrier materials. 

16. Pharmaceutical preparations for treatment of diseases, in which TNF is involved, 
*h«re :..suc_h_ pre^ co nt ain o n e o r more- c o mpo un d s 
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according to one of the Claims 1-3 or 8, if so desired in combination with addi- 
tional pharmaceutical!/ effective substances and/or non-toxic, inert, therapeu- 
tically compatible carrier materials, 

17. Use of a compound according to one of the Claims 1-3 or 8 for treatment of 
diseases. 

18. Use of a compound according to one of the Claims 1-3 or 8 for treatment of 
diseases, in which TNF is involved. 

19. A compound as claimed in one of the Claims 1-3 or 8 whenever it has been pro- 
duced by a method as claimed in Claims 13 or 14. 
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FiOUr 1 Fig.l 



-185 GAATT CGG GGGGGTrCAAGATCACTCGGACC & GGCCGTGAXCTCTATC 

-125 CCCTOU^CTGTCACCCCAACGCSOTGCGACCTCCTGGACAGACCGAGTCCCGGGAAGCC 

-65 Cauy^TG CC GCTGCC A CJtf r rG CCCTCa^ 

•28 • * • • • • 

-30 MceGlylAuS«trThzValPreAspL«uL«uL*uPreL«uV*lL«uL«njGluL«u 
-5 TCT GG C A IGGGC C TCTC CA CCGT GCC TGACCTGCT GC T GC CGCTGGTGCTC^ 

-L0 L*uV«lGlyil«TyrProS«xGlyV*lIl«GlyL«uValProHisL*uGiyAsFArgGlu 

55 TT GG T GG GAATATACCCCTeAGGG i.1 lAi TGG ACTGGTCCCTCACCTaGGGGAC A GGGAG 

*** 

10 LysArgAspSerValCysPz^GlnSlyLysTyrZlsHlsProGlnMnAsnSsrllaCys 
115 AAgAGMSAJAGT G TCTGTCCC CAA fiGAAA A TATAT^^ 

30 CysThrLysCysHlsLysGlyThxTyrlAuTyrAsnAspCysProGlyProGlyGlnAsp 
175 TCTACCAAGTGCCACAAAGGAAC C TA L ' l l^IA CAATGACTGTCCAGGCC C GGGGCAgGAT 

50 ThrA*pCysAr7GluCysGiuS«rtlyS«rfh«ThrAla^rGluAsnHisL«uArgHla 

235 ACGGACTGC A GGG A GTGTCAGAGCGG C TC L I T CA CCGCTTCAGAAAA C CA C CTCAGACAC 

• ••••• 

7 0 Cy sLouS«txCysS«rLysCy sArgly sGluMetGlyGlnVa lGluIl«SerS«rCy sThr 
295 TGCCTCAGCTGCTCCAAATCCCG A AAGG AA ATGGGTCAGGTGGAGAT Llll III 1 GCACA 

• • _ • • • * 

90 ValAspArgAspThrValCysGlyCysAargLyaAsnGlnTyrArgHisTyrTrpS«rGlu 
355 GTGGACCGGG a C A CC G T G T G T G GCTGCAGGAAGAACCAGTACCGGCATTATTGGAGTGa^ 

***~ . *•*. 

110 AsnLcuFhoGlnCysPtMAsnCy sS«rLeuCy»L«uAsnGlyThrV«lHisL«uS«rCys 

415 AA O.1 1 1 lU CAGT ULl lU UlTTGCAGCCTCTGCCTC3UtfOGGACCGTGCACCTCT CC TGC 

• ••••• 
150 CysVAlS«rCysS«rAsnCysLysLysS«rLeuGluCysThrLysL«uCysLttuProGln 

S35 TGT G TCTCCTGTAGTAACTGTftAGAAAAflC CT GGAGTGCACGAAGTTGT G CCTACCCCAG 

170 Tl«ciuA«nVaiTtf«fti yT^i*;i»iA« p c-^i y^i^^^ 

595 ATTGAGAAIGTrA A GGGC A CTGAGGACTCAGGCACCACAGTGCT G TTGCCCCTGGTCATT 
190 Ph»P*f;i »T<inri>«r«,T.M^rl »»r«,,Ph»Tl^lyt^iiM»t>TyyA^YrglnAjo 

655 1 1U1 11U GTCTTTGC L1 1 llA TCCCT CC I C IT CA TT GGl 1TA ATCTATCGCTACCAACGG 

210 TxpLysS«rLysL«uTyrS«rX lcsValCy sGlyLy sSarThrProGluLysGluGlyGlu 
715 TGGAAGTCCAAGCTCTACTCC A I I G1 1 lUlU GGAAATCGACACCTGAAAAAGAGGGGGAG 

*** 

230 L«uGluGlyThrTlirThrLy»ProL«uAl«ProAsnProS«rPh«S«rProThrProGly 
775 CTT G AAG G AACTACTACTAACCCCCTGG CC CCAAACCCAAG C IT CA GTCCCACTCCAGGC 

250 Ph«ThrPro^I^uGlyPh«S«rProV«iproS«rS«rThrPh«ThrS«rS«rS«rThr 

835 TTCACCCCCACCCTGGGCTTCAGTCCCGTGCCCA G I T CC ACCTTCACCTCCAOCTCCACC 

270 TyrThrProGlyAspCysProAaitfhaAlaAIaProArgArgGluValAiaProProTyr 

895 TATACCCCCGGTCACTGTCCCAA C I I I ' b CGGCTCC C CGCAGAGAGGTGGCACCACCCTAT 

290 GlxiGlyAlaAspProll«I«uAlaThiAlaLcuAlaSttrAspProllttProAsnProLeu 

o«;< r ^'^y y yTfU knClP^TeeTTt^SACAGCCCTCG^ T 
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Fiqur 1 (Forts.) Fig.l (cont.) 

• • • • • • 

310 (nnLysTrpGlg^^ 

330 I^TyrAJAVfclV^GluA^V«lProProI^iiAr^TrpLygGluPh«ValAr^ArgI^ 

1075 C T G T M 3^CGTGCTGG A C & ACGTGCCC t CG'l'TG^GC^ 

350 GlyI^uS«rAspHisGluIl«A«pAr^uGluI^GlxiJUnGlyAr9CysL«uArgGlu 

1135 (ttGC I GJ UQCG»CC»CGafiAXCG*ICGGCTG SM^ 

370 AlaGlnTyrSftrMrtlAuAlAThrTrpArgArgAr^lhrP^ 

1195 <XXXJJjX * CM ttTGCttG CGX ZC T Ga*m 

390 Glu I*uI*u GlyArgV»l I*uAr^ pM«tA»pI*uL«^ 

1255 GA UJ ' l ' tiC r GCG A CC CCTCCT CC G CG AaiTGgAC C TGCTCGCCTGCCTGSACCa W C A TOgys 

410 GluAllauCyGlyPrnM >M «UKiProProAlaProSTL4aaLHArg 

1315 GASGCG L1 1 TGCGGCC CC GCCGCCCTCCCGCCC C CGCCCAUILI I C I CA GATGAG GC I GC 

1375 GCCCCTGCGGgCJUSCTCTXA<i^Aa. Li 1 IX PUCglGAl'LUX 1 lCCAXCCCCftL 1 1 1 lilt, 

1435 TGGAAAfi Gft flGGG T CC T CCA GGGGC AAC CACGftGC TACCJW^ 

1495 CCCl'CGATSTACATKGCl' 1"! IClUMSCTGQLTtJCCCGCCQCCQ^raSTQiyKIXTGTttQj 

1555 CCCGGlWGACiAGCTGCGCCCT G GGCT C AACACCCrGAgTG U* ltaUT ' lTU CGAGGATGACGS 

1615 AC GC I A T GCC T CA TGCCC U1 1 1 1U»G T G T CC T GAC CAGCAAG GC I GC T CGG GGGCCCCTG 

1675 G IT CG l ^CC rGA a cC I TI T10 1CAGT GCATJ^GCA< U1 11111 11G1 1 I ' lTUl 1 1 lUl'TTT 

1795 CCTGGA CA A /GC&CAT A GC AA G CT G^ACT G T C CIAJ^^ 

1855 GSC CllUW SCTGGAG C T G T G ai Cl 1 1 1 & 1 JWCATACACTAAAATTCTGAAGTTAAAAAAAA 

1915 AACOCGAATTC 
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Fiqur 2A F1g.2a 
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P'""" ♦ Fig. 4 



S«rA*pS«rUa I CyaA«pS*rCys6 I uAapS«r Thr TyrThrG I nlauTrpAsnTrpUa I 
TCGOftCTCCCTCTCTGflCTCCTCTCflOGflCflGCflCftTftCRCCCftGCTCTGCflflCTCGOTT 
• 

PpoC i uCy«UuS«rCyaG I ySarflrgCyaSarSarflapG InUolGI uThrG I nfl I oCya 
CCCGAGT6CTTGAGCTGTGGCTCCC6CTGTA6CTCTGACCAGGTGGAAACTCAAGCCTGC 

Thr Arg6 I uG I nAanArg 1 1 aCyaThrCyaArgPr oG ! yTrpTyrCy sA I oLauSarLys 
ACTCG66AACAGAACCGCATCTGCACCTGCAGGCCCG6CTGGTACTGCGCGCTGAGCAAG 
• • • . . » . 

GlnGiuGi yCyaArgLauCyaA I oPr oLauProLyaCyaArgPr oG 1 yPhaG lyUolAla 
CA6GAGG6GTGCCGGCTGTGCGCGCCGCTGCCGAAGTGCCGCCCGGGCTTCGGCGTGGCC 

ArgProG I yThrG I uThrSarAapUa I Ua I CyaLyaProCysA I aProG I y ThrPhaSar 
AGACCAGGAACTGRAACATCAGACGTGGTGTGCAAGCCCTGTGCCCCGGGGACGTTCTCC 

AsnThrThrSarSar Thr Asp 1 1 •CyaArgProH isGlnl I aCyaAanUa I Ua I A I o 1 1 • 
AACACGACTTCATCCACGGATATTTGCAGGCCCCACCAGATCTGTAACGT6GTGGCCATC 

ProG I yAanfl I aSar ArgAapA I aUo I CyaThrSar ThrSarPr oThr Ar gSarflat A I a 

CCT6GGAATGCAAGCAGGGATGCAGTCTGCACGTCCACGTCCCCCACCCGGAGTATGGCC 

ProGlyAloUolHI •LpuPpoG I nProUa i Sar Thr Ar gSarG I nH I •ThrG InProSar 
CCAGGGGCAGTACACTTACCCCAGCCAGTGTCCACACGATCCCAACACACGCAGCCAAGT 

ProG I uProSar Thr A I oProSar Thr SarPhaLauLauProflat G I yProSarProPro 
CCAGAACCCAGCACTGCTCCAAGCACCTCCTTCCTGCTCCCAATGGGCCCCAGCCCCCCA 

A I aG I uG I ySar ThrG I yAapPhaA I oLauProUa I G I yL«u 1 1 «Ua I G ! yUa I ThrA I a 
GCTGAAG6GAGCACTGGCGACTTCGCTCTTCCAGTTG6ACTGATTGTGGGTGTGACAGCC 

* ,#l '• fi '» u ««««««»nCypUol I l«n«tThr6lnUolLy»Ly»Ly« 
TTGG6TCTACTAATAATA6GAGTGGTGAACTGTGTCATCATGACCCAGGTGAAAAAGAAG 

S!i! u6 ' n * r * G 1 ufl 1 aL « « Ua 1 Pr « H 1 •L»uProA I aflspLy sA I aArgG I y 
CCCTTGTGCCTGCAGAGA6AAGCCAAGGTGCCTCACTTGCCTGCCGATAAGGCCCGGGGT 

IS^i jSiS!! 06 ' u6 ' n6 ' ftH 1 •«••«■«-•« « » «ThrA I aProSar Sar S.rS.r SarSar 
ACACAG6GCCCCGAGCAGCAGCACCTGCTGATCACAGCGCCGA6CTCCAGCAGCRGCTCC 

•! iSii^-!r fl ' ° S-Pfl ' «*-«««»P«rgArgA I aPraThr ArgAanG I nProG I nfl I a 
CTGOAGAOCTCOGCCAGTGCGTTGGACAGAAGGGCGCCCACTCGGAACCAGCCACAGGCA 
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Ft«ur 4 ( fortaattunq) ^9-4 (continuation) 



28 1 Pr 06 lyUalGluAl oSarG lyAlaGlyGluAl oArgA I aSar Thr6 1 ySarSarA I aftto 

84 1 CCflGOCGTGGflGGCCAGTGGGCCCGGGGnGGCCCGGGCCflGCflCCGGGflGCTCAGCflGAT 

• • » • • • 

30 1 S«rS«rFroG I yG I yH I tG I y ThrG I nUa I AanUa I ThrCya 1 1 aUa I AanUa I Cy aSar 

90 1 TCTTCCCCTGGTGGCCflTGGGflCCCflGGTCflRTGTCUCCTGCBTCGTGflflCGTCTGTflGC 

• • • • • t 

321 SprS«f»A«pH i aSarSarG 1 nCyaSarSar6 1 nA I oSarSarThrflatG I yflapThrAap 

961 AGCTCTGACCACAGCTCACAGTGCTCCTCCCflAGCCAGCTCCACAATGGGAGACACAOAT 

• t • * • • 

341 SprSarP roSarG I uSarPr oLy a AapG I uG I nUo i Pr oPhaSerLy aG i uG I uCy a A I a 

1 02 1 TCCAGCCCCTCGGAGTCCCCGAAGGACGAGCAGGTCCCCTTCTCCAAGGAGGAATGT6CC 

• • • • • * 

36 1 PhaArgSarG I nlauG I uThpProG 1 uThrlauLauG I ySar ThrG I uG I uLyaProt.au 

1 08 1 TTTCGGTCACA6CTGGAGACGCCAGAGACCCTGCTGGGGAGCACCGAAGAGAAGCCCCTG 

• ■ • i • • • 
381 ProlauG I yUa I Pr oAapA I aG I yflatLyaProSar 

1141 CCCCTTGGAGTGCCTGATGCTGGGATGAAGCCCAGTTAACCAGGCCGGTGTGGGCTGTGT 

1 201 CGTAGCCAAGGTGGCTGAGCCCTGGCAGGATGACCCTGCGAAGGGGCCCTG6TCCTTCCA 

1 26 1 GGCCCCCACCACTAGGACTCTGAGGCTCTTTCTGGGCCAAGTTCCTCTAGTGCCCTCCAC 

1 321 RGCCOCAOCCTCCCJCTGACCTGCAGGCCAAG AGCAGAGGCAGCGAGTTGTGGAAA6CCT 

I 38 1 CT6CTGCCATGGCGTGTCCCTCT 

1 44 1 GGGGCAAOTCCCTGAGTCTCTGTGACCTGCCCCGCCCAGCTGCACeTGCCflGCCTGGCTT 

1501 CTOGAGCCCTTGGGTTTTTTGTTTGTTTGTTTGTTTGTTTGTTTGTTTCTCCCCCTGGGC 

1 56 1 TCTGCCCAGCTCTGGCTTCCflGAAAACCCCAGCATCCTTTTCTGCAGAGGGGCTTTCTGG 

1621 AGAGGAGGGRTGCTGCCTGAGTCACCCATGAAGACAGGACAGTGCTTCAGCCTGAGGCTG 

1 68 1 HGACTGCGGGATGGTCCTGGGGCTCTGTGCAGGGAGGAGGTGGCAGCCCTGTAGGGAACG 

1 74 1 GGGTCCTTCAAGTTAGCTCAGGAGGCTTGGAAAGCATCACCTCAGGCCAGGTGCAGTGGC 

1 80 1 TCACGCC7ATGATCCCAGCACTTTGGGAGGCTGAGGCGGGTGGATCACCTGAGGTTA6GA 

1 86 1 GTTCGAGACCAGCC7GGCCAACATGGTAAAACCCCATCTCTACTAAAAA7ACAGAAAT7A 

1 92 1 GCCGGGCG7GG7GGCGGGCACCTA7AG7CCCAGC7AC7CA6AA6CC7GAGGC7GGGAAA7 

1 98 1 CGTTTGAACCCGGGAAGCGGAGGTTGCAGGGAGCCGAGA7CACGCCAC7GCACTCCA6CC 

204 1 T6GGCGACAGAGCGAGAG7CTG7C7CAAAAGAAAAAAAAAAAGCACCGCCTCCAAATGCT 

2101 AACTTGTCCTTT7GTACCATGG7G7GAAAG7CAGA7GCCCAGAGGGCCCAGGCAGGCCAC 

2161 CATATTCA6TGC7GTGGCC7GGGCAAGA7AACGCAC7TCTAAC7A6AAA7CTGCCAATTT 

222 1 TTTAAAAAAG7AA67ACCAC7CAG6CCAACAA6CCAACGACAAAGCCAAACTCTGCCA0C 

228 1 CACATCCAACCCCCCACCTGCCATTTGCACCCTCCGCCTTCACTCCGGTG7GCCT6CA0 
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